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LOWER SNAKE RIVER
ICE HARBOR AND LOWER MONUMENTAL LOCKS AND DAMS
ADULT FISHWAY SYSTEMS
EMERGENCY AUXILIARY WATER SUPPLY

PHASE Il - TECHNICAL REPORT

EXECUTIVE SUMMARY

In response to a Endangered Species Act - Section 7 Consultation, Biological
Opinion issued by the National Marine Fisheries Service on March 2, 1995, the Lower
Snake River, Adult Ladder Systems, Emergency Auxiliary Water Supply (Phase | -
Technical Report), 1995, evaluates the need for emergency auxiliary water supplies for
the adult fishway systems at Ice Harbor and Lower Monumental Locks and Dams (lce
Harbor and Lower Monumental). This Emergency Auxiliary Water Supply, Phase Il -
Technical Report (Phase Il - Technical Report) describes and evaluates the existing
systems at ice Harbor and Lower Monumental, outlines alternatives for improving the
reliability of the existing auxiliary water supplies, and explores several design options
for providing emergency capacity with pumped and gravity supply systems.

ICE HARBOR.

The adult fishway systems at Ice Harbor consist of separate fish ladders and
collection systems on both the north shore and south shore. Each system has a fish
ladder, collection system, and an auxiliary water supply system. The south shore
system also has a collection channel along the downstream face of the powerhouse,
with floating orifices that provide additional points of access. The auxiliary water
supply system on the north shore uses three, electric motor-driven pumps to provide
auxiliary water. The auxiliary water supply system on the south shore uses eight,
electric motor-driven pumps to provide auxiliary water. The juvenile bypass system
also provides some auxiliary water for the south shore system.

° North Shore.

The north shore system has three pumps that must operate continuously to
attempt to satisfy the criteria of the Fish Passage Plan (FPP), U.S. Army Corps of
Engineers, March 1998. No spare water supply capacity is available if one of the
auxiliary water supply pumps requires maintenance. Ice Harbor does not have a
complete set of spare parts for the water supply pump system. The pump discharge
chamber is constructed such that individual pumps cannot be isolated for maintenance.
The pressure drop in the water supply system increases at low tailwater and prevents
the pumps from producing their design flow. Crane access for maintaining the pumps
and fishway entrances is difficult and time-consuming. The pumps are started using

ES-1



breakers instead of starters and do not have redundant power sources. A single
electrical failure could result in all three pumps going out of service. :

The following five alternatives were considered for improving the reliability of the
existing water supply system or providing an additional emergency water supply:
(1) criteria revision with no water supply additions, upgrade electrical, and improve
systems; (2) upgrade existing pumps, upgrade electrical, and improve systems; (3) add
gravity supply, upgrade electrical, and improve systems; (4) barge mounted pumps
shared with Lower Monumental; and (5) reduce entrance width, upgrade electrical, and
improve systems.

Alternative 2 is the recommended alternative. The existing pumps and electrical
power supplies would be upgraded. The pump appurtenances would be rebuilt to keep
them operable. Isolation bulkheads would be installed to allow maintenance and repair
of the pumps. The supply diffusers would be modified to allow more flow. A crane
would be installed to perform maintenance on the upgraded pumps and appurtenances.
A hoist would be installed at the fishway entrances to allow maintenance of the
entrance gates and weirs. Project Operations would obtain additional operation and
maintenance (O&M) funds to maintain or replace deficient components of existing
features and to increase spare.parts inventories for fishway critical components.

Alternative 3 would provide only partial backup, so the existing pumping system
would need to remain operational under any circumstances. Alternative 3 would also
involve greater expense and increased maintenance. Alternatives 1 and 5 would result
in a decrease in the quantity of water supplied, which is contrary to the intent of this
study. Alternative 4 has serious safety and operability concerns.

If funding for design and construction is made available at the beginning of
Fiscal Year (FY) 2000, the design and construction period for Alternative 2 will require
approximately 36 months with all modifications complete by October 2002. Total
construction costs for Alternative 2, escalated to the midpoint of construction, are
estimated to be $5,182,000. The total costs for the fully-funded Alternative 2 are
estimated to be $7,178,000. These costs do not include O&M costs associated with
existing equipment.

3 South Shore.

The south shore system is operated using six to eight pumps, depending on
tailwater elevation. Spare water supply capacity has ranged from 0.6-pump equivalent
(based on the water from the juvenile fish dewatering facility) up to an additional
2-pump equivalent. Therefore, additional spare hydraulic capacity is not required on
the south shore. lce Harbor does not have a complete set of spare parts for the pump
system. The pumps are started using breakers instead of starters and do not have
redundant power sources. A single electrical failure could result in all eight pumps
going out of service. :

ES-2
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The following three alternatives were considered for improving the reliability of
the existing water supply system: (1) electrical system upgrade; (2) improve reliability
through enhanced preventative maintenance and increased spare parts inventory; and
(3) combine Alternatives 1 and 2, electrical system upgrade and enhanced preventive
maintenance and increased spare parts inventory.

Alternative 3 is the recommended alternative. Under this alternative, the pump
electrical systems would be upgraded and an enhanced preventative maintenance
program would be employed with an increased spare parts inventory. This alternative
addresses the electrical reliability issue and the continued use of existing equipment
with increased preventative maintenance and spare parts. Also, as described
previously, this alternative would provide between 0.6 pump equivalent and 2-pumps
equivalent of spare auxiliary water supply. Alternatives 1 and 2 do not individually
address these issues.

If funding for design and construction is made available at the beginning of
FY 00, the design and construction period for the construction general portion of
Alternative 3 will require approximately 60 months with all modifications complete by
October 2004. There would be a 2-year delay following design before start of
construction to ensure that the north shore auxiliary water supply system was
operational before performing construction on the south shore auxiliary water supply
system. Total construction costs for the construction general portion of Alternative 3,
escalated to the midpoint of construction, are estimated to be $2,109,000. The total
costs for the fully-funded construction general portion of Alternative 3 are estimated to
be $2,921,000. These costs do not include O&M costs associated with existing
equipment.

LOWER MONUMENTAL.

The adult fishway systems at Lower Monumental consist of separate fish ladders
and collection systems on both the north and the south shores. A common auxiliary
water supply system supplies water to both fishways. The north shore fishway also has
a collection channel along the downstream face of the powerhouse, with floating
orifices that provide additional points of access. The auxiliary water supply system
uses three hydraulic turbine-driven pumps to provide auxiliary water. The juvenile
bypass system also provides some auxiliary water.

All three north shore pumps operate full-time attempting to meet the FPP criteria.
There is no emergency auxiliary water supply available to sustain-operation within
criteria in the event of a pump failure. The actual pump performance does not appear
to match the manufacturer’'s pump curves and is substantially less than required to
provide the intended design flow. The turbine pumps are gravity fed and require only
low-voltage electrical power. Individual pump chambers can be isolated and dewatered
for maintenance by using the intake and discharge bulkheads.
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The following six alternatives were considered for improving the reliability of the
existing water supply system and for providing additional emergency water supply:
(1) south shore pumping system; (2) gravity supply through south nonoverflow section;,
(3) south shore supply conduit inline pumping system; (4) additional north shore
pumps, (5) enhanced preventative maintenance; and (6) barge mounted pumps shared
with lce Harbor.

Alternative 3 is the recommended alternative. This alternative would separate
the north shore system from the south shore system. It would replace the existing
regulating tainter gate in the south shore fish ladder supply conduit with one or more
new inline pumps. New openings cut in the side of the south shore water supply
conduit (near unit 6) would supply water to these pumps. These openings would be
provided with power operated bulkheads and trashracks. The north shore entrances
would continue to use two of the existing hydraulic turbine-driven pumps, with one in
reserve. In the event of an inline pump failure, bulkheads could be powered into place
and the inline pumps removed to allow the existing reserve hydraulic turbine-driven
pump to provide emergency water. Project Operations would obtain additional O&M
funds to maintain or replace deficient components of existing features and to increase
spare parts inventories for fishway critical components.

Alternative 1 would have potential intake problems, because the water would be
pumped from an area downstream of the fish ladder entrance and would be more
populated with juveniles. The system would require trashracks and extensive intake
screens that would need continuous maintenance and cleaning. Access to the pump
area is limited and a dedicated crane would be required to allow quick repairs.
Alternative 2 would provide only partial backup, so the existing pumping system would
need to remain operational under any circumstances. It would involve greater
installation expense and increased maintenance more than the other alternatives.
Alternatives 1, 2, and 3, where the north shore and south shore would be divided into
two separate auxiliary water supply systems are more effective than Alternative 4.
Alternative 5 would not provide a source of emergency auxiliary water because all the
existing auxiliary water supply pumps must be operated full time. Alternative 6 has
serious safety and operability concerns.

If funding for design and construction is made available at the beginning of
FY 00, the design and construction period for Alternative 3 will require approximately
36 months with all modifications complete by October 2002. Total construction costs
for Alternative 3, escalated to the midpoint of construction, are estimated to be
$6,267,000. The total costs for the fully-funded Alternative 3 are estimated to be
$8,681,000. These costs do not include O&M costs associated with existing
equipment.
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LOWER SNAKE RIVER
ICE HARBOR AND LOWER MONUMENTAL LOCKS AND DAMS
ADULT FISHWAY SYSTEMS
EMERGENCY AUXILIARY WATER SUPPLY

PHASE Il - TECHNICAL REPORT

SECTION 1 - INTRODUCTION

1.01. GENERAL.

The National Marine Fisheries Service (NMFS), Endangered Species Act -
Section 7 Consultation, Biological Opinion issued March 2, 1995, requires the U.S.
Army Corps of Engineers to develop an emergency auxiliary water supply system for all
adult fishways where determined to be necessary in coordination with NMFS. A '
reconnaissance level technical report [Lower Snake River, Adult Ladder Systems,
Emergency Auxiliary Water Supply (Phase | - Technical Report)] prepared in 1995
identified several alternative methods of providing emergency auxiliary water supply for
each of the adult fishway systems at each of the four lower Snake River locks and
dams to address the Biological Opinion requirement. This Emergency Auxiliary Water
Supply, Phase |l - Technical Report (Phase |l - Technical Report) continues to evaluate

“the Phase | - Technical Report recommended alternatives for the Ice Harbor and Lower

Monumental Locks and Dams (Ice Harbor and Lower Monumental) at a greater level of
detail. A separate report will further evaluate the Phase | - Technical Report
recommended alternatives for Little Goose and Lower Granite Locks and Dams.

An independent technical review was performed on this Phase 1l - Technical

‘Report at the 60 percent level of completion. The quality control plan for the technical

review is included in appendix A. The technical review comments and the responses to
them are included in appendix B.

1.02. AUTHORIZATION.

This study is an element of the Columbia River Fish Mitigation Program
(CRFMP) and is being conducted under the Rivers and Harbors Act of 1945, Public
Law 79-14, dated March 2, 1945.

1.03. PURPOSE.

Adult fishway auxiliary water supply systems provide fish attraction water flows
to help migrating adult salmonids to find fish ladder entrances and to proceed up the
fishways with minimum delay. The focus of this Phase Il - Technical Report is the
reliability of these auxiliary water supply systems at two of the four lower Snake River
locks and dams. '



1.04. SCOPE.

The objectives of this Phase Il - Technical Report are to evaluate, in greater
detail, the alternatives previously identified in the Phase | -Technical Report and
recommend a selected alternative for providing emergency auxiliary water supplies for
each of the adult fishway systems at Ice Harbor and Lower Monumental. This Phase
Il - Technical Report identifies a construction cost estimate inciuding engineering and
design (E&D) and supervision and administrative (S&A) costs and presents a proposed
schedule for completing the design and construction of the recommended alternatives
for each dam. Appendix C contains the total project cost summaries for the alternatives
recommended in this Phase |l - Technical Report.

1.05. PRIOR STUDIES AND REPORTS.

Several studies and reports already completed as well as new investigations
were used to help prepare this Phase Il - Technical Report (appendix G). The following
is the listing of the prior studies and reports:

e Lower Snake River, Adult Ladder Systems, Emergency Auxiliary Water
Supply, November 1, 1995, (Phase | - Technical Report)

e  Hydraulic Evaluation of Adult Fish Passage Facilities at Ice Harbor Dam,
December 1995

e Columbia River Salmon Mitigation Analysis System Configuration Study
Phase |, April 1994

e Hydraulic Evaluation of Adult Fish Passage Facilities at Little Goose, Lower
Monumental, and McNary (South Shore) Dams, November 1988.

1.06. PHASE | - TECHNICAL REPORT RECOMMENDATIvONS SUMMARY.

The Phase | - Technical Report discussed three basic types of alternatives for
improving the reliability of the existing auxiliary water supply and for providing
additional emergency auxiliary water. The following are the three basic types of
alternatives discussed:

e Modify the existing pump system to improve reliability or add additional
pumps.

e Develop new sources of gravity water supply.

e No action.




Several specific examples of these basic types of alternatives were evaluated for
Ice Harbor and Lower Monumental, and the alternatives recommended for further
investigation in this Phase Il - Technical Report were as follows:

a. lce Harbor - North Shore.

(1) Add two 7.08 cubic meters per second (cms) [250 cubic feet per
second (cfs)] pumps south of navigation lock and improve electrical redundancy.

(2) Add a gravity supply system through the north nonoverflow section to
supply 14 cms (500 cfs).

(3) Addtwo 9.91 cms (350 cfs) barge mounted pumps shared with Lower
Monumental. :

" b. lce Harbor - South Shore.

(1) Improve reliability and upgrade electrical.
(2) Enhance preventive maintenance program.

c. Lower Monumental.

(1) Add a gravity supply system through the south nonoverflow section to
supply 19.8 cms (700 cfs).

(2) Addtwo 9.91 cms (350 cfs) pumps on north shore.
(3) Enhance preventive maintenance program.

(4) Add two 9.91 cms (350 cfs) barge mounted pumps shared with Ice
Harbor. ‘ '

1.07. ASSESSMENT CRITERIA.

Providing spare water supply capacity increases system reliability by providing
emergency water supply for use during partial failures. It aiso increases the
opportunity for practicing preventative maintenance on idle equipment without requiring
system operation outside the criteria of the Fish Passage Plan (FPP), U.S. Army Corps
of Engineers, March1998, during the maintenance activity. Actual operating time on
equipment can be reduced, thus increasing useful operating life. The following general
criteria were used in Phase | and Phase Il - Technical Reports for assessing existing
systems, sizing gravity supply systems, sizing additional pumping alternatives, and
providing improved reliability:



a. Mechanical Reliability.

The mechanical pumping system’s reliability should provide approximately

one pump equivalent of additional capacity above the maximum required in the FPP. In

the event of a single pump outage, the system will be able to stay within the FPP
criteria. Operation with only one ladder system is not considered an acceptable mode
of operation in this Phase Il - Technical Report. Proposed improvements allow

operation to continue with a single failure in one fish ladder system at any one time. It
is assumed that repairs would be made efficiently, and that systems would be returned
to optimum condition expeditiously. -

Performing expeditious repairs and efficient, cost effective routine
maintenance requires that certain mission essential support equipment be available on
short notice. Therefore, this Phase |l - Technical Report discusses providing additional
on-site cranes and hoists where appropriate.

b. Electrical Reliability.

Ideally, the electrical reliability should provide for 100 percent backup in the
event of electrical outage due to bus, switchgear, or transformer failures. For some
features (e.g., station service transformers, main feeders, and switchgear), this
redundancy was provided in the original design. Where historical data shows that
failures have been rare or have never occurred in key components, changes in the
electrical arrangement (required for full 100 percent backup of those components) are
not economically justified. However, where aging equipment justifies it or where
current technology has improved, changes in equipment to increase system reliability
are proposed. Also, a logical division of electrical service is proposed to provide for at
least partial water supply during the repair period following any motor controller
electrical failure.

1.08. SUMMARY OF ADULT FISH PASSAGE HYDRAULIC CRITERIA.

a. History.

in 1969 from July through September, Burton Carnegie and Charles Junge
conducted operational fishway studies at The Dalles Lock and Dam. They found that
the largest percentage of the adult salmonids passed through the entrance with a weir
depth of 2.4 meters (m) [8.0 feet (ft)] in the north fishway. When the weir depth was
1.2,1.8, and 2.3 m (4, 6, and 7.5 ft), the percentage of adult salmonids that passed
through the entrance over the weir decreased. Additional experimentation was initiated
at Ice Harbor in September 1969 to test the advisability of increasing the auxiliary water
supply used to obtain a head of at least 0.3 m (1 ft) and a weir depth of 2.4 m (8 ft).:
The results from that experiment indicated that the preferred depth for both ladder ..
entrances was also 2.4 m (8 ft). Studies in the 1970's further indicated that salmomds
prefer a depth of 2.4 m (8 ft) or greater in the fishways.
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b. Current Criteria.

In 1980, the criteria for the Snake River locks and dams were changed to
the new criteria resulting from the studies noted in paragraph 1.08.a. The new criteria
were included in the FPP (a document that describes year-round project operations
necessary to protect and enhance salmon species as well as other anadromous fish
species). The FPP is revised periodically to incorporate changes to project operation
and maintenance (O&M) as a result of new facilities or changes in operational
procedures developed through coordination with other agencies. Fish biologists
believe that dam passage delays for migrating salmon would be reduced if fishways are
operated within the new optimum criteria in the FPP. The 1998 FPP criteria for the
operation of adult fishways for Ice Harbor and Lower Monumental are listed below:

(1) lce Harbor:

(a) North Shore Entrance (NSE). North Powerhouse Entrances (NPE
1 and 2), and South Shore Entrance (SSE).

The weir depth will be maintained at 2.4 m (8 ft) or greater below
tailwater elevation. At low flow/tailwater only 1.8 m (6 ft) of depth may be possible.
When the tailwater elevation is less than 103.71 m (340.25 ft), then the weir will be on
sill [elevation of the top of the weir gate on sill = 101.26 m (332.23 ft)].

(b) Head on All Entrances.

All entrances will be maintained at 0.3 to 0.6 m (1 to 2 ft) head.

(2) Lower Monumental:

(a) North Shore Entrances (NSE) 1 and 2.

A weir dépth will be maintained at 2.4 m (8 ft) or greater below
tailwater elevation. When the tailwater elevation is less than 133.2 m (437.0 ft), then
the weir will be on sill [elevation of the top of the weir gate on sill = 130.8 m (429.0 ft)].

(b) South Powerhouse Entrances (SPE) 1 and 2.

A weir depth will be maintained at 2.4 m (8 ft) or greater below
tailwater elevation. When the tailwater elevation is less than 134.1 m (440.0 ft), then
the weir will be on sill [elevation of the top of the weir gate on sill = 131.7 m (432.0 ft)].



(c) South Shore Entrance (SSE) 1.

A weir depth will be maintained at 2.4 m (8 ft) or greater below
tailwater elevation. When the tailwater elevation is less than 133.8 m (439.0 ft), then

the weir will be on sill [elevation of the top of the weir gate on sill = 131.4 m (431.0 ft)].

(d) South Shore Entrance (SSE) 2.

Gate (lift gate operated as sluice gate) should be raised 1.83 m
(6 ft) above sill [elevation of the sill = 131.4 m (431.0 ft)].
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SECTION 2 - ICE HARBOR

2.01. GENERAL.

Ice Harbor is the first dam above the mouth of the Snake River, located at river
kilometer 15.61 (mile 9.7). The normal range of forebay pool elevations is 133.2 to
134.1 m (437 to 440 ft) mean sea level (msl). The tailwater elevation typically varies
between 102.9 to 106.7 m (337.5 to 350 ft). The adult fishway systems are intended to
provide safe and efficient passage past the dam for upstream migrating saimonids.
Two separate adult fishway systems make up these facilities, one on the north shore
and one on the south shore. Both systems include a fish ladder, a collection system,
and an auxiliary water supply system (plate 2).

2.02. NORTH SHORE ADULT FISHWAY SYSTEM DESCRIPTION.

a. Auxiliary Water Supply System.

The north shore auxiliary water supply system is composed of three motor
driven pumps, a large conduit, and nine diffusers (plate 3). Gravity flow down the
ladder from the forebay does not provide enough auxiliary attraction water at the
entrances; an auxiliary water supply system supplies the balance of the required
attraction water.

Three vertical propeller pumps driven by electric motors are located near
the downstream end of the navigation lock to provide the auxiliary attraction water.
Each pump is rated at 7.08 cms (250 cfs) at 1.07 m (3.5 ft) of head (pool to pool). The
pumps discharge into an open discharge channel from which a 4.88 m (16 ft) wide by
3.05 m (10 ft) high rectangular conduit carries the water to the diffusers.

Pump motors are fed directly from breakers (used for starting “across the
line”) mounted parallel on a single, three-phase, medium-voltage bus, FSP2. Parallel
to the pump motor breakers is a single breaker feeding a transformer and low-voltage
bus (FSQ2) that feeds controls, annunciations, and other loads associated with the
auxiliary water supply pumps (plate 4). The FSP2 bus can be fed from either of two
redundant station service feeders, which in turn can be fed from redundant station
service buses with redundant sources.

There are eight diffusers in the fish ladder between weirs 338 and 353
(diffusers 2 through 9), and one large diffuser (diffuser 1) just upstream from the main
entrances. Overflow weirs and orifices in the diffuser wells control where and how
much water enters the ladder diffusers. The weir crests are set so that more diffusers
come into operation as the tailwater elevation rises. The purpose of these diffusers is
to add enough water to the ladder to maintain a minimum transportation velocity of
0.457 meters per second (mps) [1.5 feet per second (fps)] over the fish ladder weirs as
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they are submerged by the tailwater. All of the diffusers were sized so the upward
velocity is no more than 0.076 mps (0.25 fps) over the gross area of the diffuser.

b. Fish Ladder.
The north shore fish ladder is 4.88 m (16 ft) wide and has a floor siope of
1 vertical to 10 horizontal. A control section at the top of the ladder regulates the flow
down the ladder at about 2.10 cms (74 cfs) for varying forebay pool elevations.

c. Fishway Collection System.

Two of the three main entrances on the north shore (NSE-1 and NSE-2) face
downstream near the downstream end of the spillway stilling basin. These entrances
are 3.66 m (12 ft) wide overflow weirs that are 7.62 m (25 ft) tall fully extended. The sill
elevation is at 101.2 m (332.0 ft) and the minimum weir crest elevation is at 101.3 m
(332.25 ft). The third entrance (NSE-3) opens onto the side of the stilling basin. This
entrance is also equipped with a 3.66-m-wide (12-ft-wide) weir gate. Normally, only
NSE-1 is operating and NSE-2 and NSE-3 are closed (plate 3). '

d. Original Operating Criteria.

The auxiliary water supply system was originally designed to maintain a
velocity at the fishway entrance of 1.22 mps (4 fps), by providing about 76 millimeters
(mm) (0.25 ft) of head differential across the entrance weirs. It also maintained the
minimum transportation velocity over the lower weirs in the fish ladder at varying
tailwater elevations, as described in the preceding paragraph. The system was
designed to provide good fish passage conditions for tailwater elevations between
102.3 and 108.5 m (337.5.and 356 ft). Entrance weir submergence varied from 1.04 m
(3.4 ft) at low tailwaters to nearly 3.05 m (10 ft) at very high tailwaters. This flexibility in
~ entrance weir submergence was provided because as tailwater increased, more
auxiliary water supply was required to maintain adequate transportation velocities over
submerged fish ladder weirs. Total discharge also varied. Only one pump was
required at very low tailwaters. Additional pumps were turned on as the tailwater got
higher and more diffusers began to pass water.

e. Current Operating Criteria.

As described in the paragraph 1.08., the current operating criteria for the
entrance weirs specify that the weir crests should be at least 2.44 m (8 ft) below the
tailwater elevation with a head differential between the channel and tailwater of 305 to
610 mm (1 to 2 ft). These criteria apply at all times during the adult fish passage period
(March 1 through December 31) except when tailwater is below 103.71 m (340.25 ft)
where the weirs are on sill (FPP). '




2.03. EVALUATION OF THE EXISTING NORTH SHORE AUXILIARY WATER
SUPPLY SYSTEM.

a. Pump Capacity Limitations.

As described above, the current weir depth and head differential based
operating criteria of the FPP requires greater pump discharge at given heads in most
conditions than the original flow-based design criteria. This change in operating
criteria places greater demand upon the existing auxiliary water supply system. As
described above, diffusers were designed to maintain a minimum transportation
velocity over the fish ladder weirs as they become submerged by the tailwater. As
tailwater elevation drops, fewer diffusers come into operation. With the new criteria,
this results in higher pumped head because more water is being forced through fewer
diffusers. Higher pumped head results in less pump discharge. All three pumps must
operate continuously to attempt to satisfy the FPP. No backup water supply is
available should one of the auxiliary water supply pumps require maintenance and the
system must operate out-of-criteria during the maintenance period.

| b. Mechanical Reliability.

The pumps and speed reducers are over 35 years old and are at the end of
what is normally considered the useful operating life for this type of equipment. The
motors are of heavy-duty construction and appear to be in good, smooth-running
condition. They are estimated to have a remaining life span of about 25 years with
good maintenance. One of the speed reducers has had a bearing replaced and the
bottom bushing in pump 2 was replaced when the pump was rebuilt. ice Harbor does
not have a complete set of spare parts for the pump system.

The three pumps discharge into a common channel with a bulkhead

| arrangement that prevents pump isolation in some situations. Depending on which

pump fails, it may be necessary to shutdown all pumps to make repairs.

The north shore auxiliary water supply system was constructed without
provisions for handling the pumps, motors, or isolation bulkheads during maintenance
or replacement. In order to perform maintenance requiring a crane, two cranes must be
rented and mobilized. A large crane [minimum rating: 127 000 kilograms (kg)

(140 ton)] must be obtained for the purpose of lowering a smaller rented crane from the
navigation lock deck to the pump deck. The smaller crane [minimum rating: 59 000 kg
(65 ton)] must be partially disassembled, lowered, and then reassembled before it can
be used. The larger crane may then remain in standby status, as dictated by repair
requirements, schedule, and cost considerations. This entire procedure is dependent
upon crane availability and is potentially hazardous, labor intensive, and expensive.



The fishway entrances do not have lifting and handling equipment that can
be used to raise the gates and bulkheads out of their slots for maintenance or

repositioning.

c. Electrical Reliability.

The electrical system configuration presents some additional, potential
problems. The single, three-phase, medium-voltage bus (FSP2) is a vulnerable point in
the electrical system. A destructive fault in FSP2 could disable all three pumps for an
extended period of time. There is neither alternate electrical bus nor switchgear
through which power could be routed to the pump motors.

The starting of motors “across the line” using breakers has proven to be a
reliable method, because motors start infrequent. The principle limitation of using
power circuit breakers for motor-starting duty is the degree of repetitive duty that
breakers can withstand. The continued use of these breakers for motor-starting duty
makes a failure more likely. Since the breakers are operated locally, there is also a risk
of serious injury in the event of a major destructive fault.

2.04. NORTH SHORE AUXILIARY WATER SUPPLY SYSTEM IMPROVEMENT
'ALTERNATIVES.

a. Alternative 1 (Criteria Revision with No Water Supply Additions, Upgrade
 Electrical, and Improve Systems).

This alternative was not discussed in the Phase | - Technical Report but is
presented here as a lower cost alternative to adding backup equipment. It proposes to
make a criteria revision combined with a series of improvements to features of the adult
fishway auxiliary water supply system to improve hydraulics and enhance reliability. A
discussion of the system hydraulics relating to a criteria revision and a list of several
concurrent improvements are presented below.

(1) Hydraulic Discussion.

As noted in the paragraph 2.03.a., all three pumps must run
continuously to attempt to satisfy the FPP. The following discussion explains why and
how a criteria revision would ensure that existing pumps could provide a “one pump
equivalent” emergency water supply.

(a) ~Effect of Current Operating Criteria on Pump Discharge.

: At low tailwater elevations (when the entrance weir crest is at or
near the sill), the coefficient of discharge is larger than when the weir crest is higher
relative to the sill. This means that for the same submergence and head differential,
more water passes over the weir at low tailwater elevations. At the same time, the least
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amount of total effective diffuser area is available at low tailwaters because most of the
ladder diffusers are not operating.

The head differential between the tailwater and the energy grade
line in the water supply conduit must be higher to drive the same amount of water
through the smaller number of operating diffusers. The system was designed for a
pumped head of about 1.07 m (3.5 ft). Operating with the current criteria, the pumped
head is 1.37 to 1.68 m (4.5 to 5.5 ft), therefore, the pumps produce less than their rated
design discharge.

(b) Effect of Revised Operating Criteria on Pump Discharge.

Alternative 1 proposes a hydraulic operating criteria that allows
more flexibility in the required entrance weir submergence, relying more on head
differential- and discharge-based criteria. At high tailwater elevations (where the most
auxiliary water supply should be necessary to provide adequate transportation
velocities over submerged fish ladder weirs), the standard entrance weir configuration
with 2.44 m (8 ft) of submergence and 305 mm (1 ft) of head differential requires a
discharge of about 15.3 cms (540 cfs). Assume that this discharge should be
approximately the minimum discharge necessary. [Weir discharges referred to in the
text and tables 2-1 and 2-3 of this Phase Il - Technical Report are calculated based on
equations and coefficients developed in a model study (Technical Report 109-1, Fish
Ladders for Lower Monumental Dam, Snake River, Washington, Corps of Engineers,
December 1973).]

Table 2-1 shows the submergence required at various tailwater
elevations with 305 mm (1 ft) of head differential to produce approximately this
minimum discharge of 15.3 cms (540 cfs) over the weirs. The total discharge is the
sum of the discharge produced by the auxiliary water supply pumps plus the design
gravity flow down the fish ladder from the forebay of 2.10 cms (74 cfs). The float
control at diffuser 10 would be adjusted to increase the head over the first overflow weir
by about 61 mm (0.2 ft), as recommended from the Hydraulic Evaluation of Adult Fish
Passage Facilities at Ice Harbor Dam, December 1995. This would increase flow down
the fish ladder by about 0.283 cms (10 cfs), bringing it up to the design flow of 2.10 cms
(74 cfs). The table shows that at tailwater elevations at or below 103 m (338 ft), the
weir will be bottomed out on the sill and the head differential across the weir must be
greater than 305 mm (1 ft) to maintain the minimum required discharge.

Table 2-2 shows the pump discharges associated with varying
heads for the existing pumps. According to table 2-1, the minimum required pump
discharge is about 13.3 cms (470 cfs). Table 2-2 shows that two pumps can supply
this demand at 1.22 m (4 ft) of head. Tests conducted with two pumps operating as
part of a previous hydraulic evaluation had a pumped head of 1.25 m (4.1 ft), weir
submergence of 2.13 m (7 ft), and head differential across the weir of 335 mm (1.1 ft),
confirming the numbers at the test configuration. Thus, operating with this revised
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criteria allows operation with two pumps running without increasing the capacity of the
existing pumps, thus providing one pump for emergency backup.

Table 2-1: Required Pump Discharge with V'arying Submergence

V/

A SR
1029 |337.5| 160 | 5.25]|15.60| 551 1.3
1030 | 338 | 1.75 | 5.75{15.86| 560 | 13.76 [ 486 | 335.3 | 1.1
103.3 | 339 | 192 | 6.3 {1560 551 | 13.51 477 {304.8/1.0
1036 | 340 | 201 | 66 |15.46|546 |13.37 | 472|304.8{1.0
1039 | 341 | 210 | 6.9 {1560 551 | 13.51|477 |3048|1.0
1042 | 342 | 216 | 7.1 |1552|548 [ 13.42 474 |3048{1.0
1045 | 343 | 223 | 7.3 |1557|550|13.48|476|304.81.0]

13.61 | 477 | 396.2

104.9 | 344 | 229 | 7.5 |1566| 553 | 13.56 | 479 | 304.8 (1.0
105.2 | 345 | 2.32 | 7.6 |1560| 551 | 13.561 477 13048 (1.0
105.5 | 346 | 2.35 | 7.7 | 1555|549 {13.45|475|3048|1.0
105.8 | 347 | 2.38 | 7.8 |15.55| 549 | 13.45|475|304.8[1.0
106.1 | 348 | 241 | 7.9 |15.57|550 | 13.48 | 476 (3048 |1.0|
106.4 | 349 | 244 | 8.0 | 1560 551 | 13.51 477 (3048 1.0
106.7 | 350 | 2.44 | 8.0 |15.46|546 | 13.37 | 472 130481.0
107.0 | 351 | 2.44 | 8.0 [15.40| 544 | 13.31|470{304.8|1.0
107.3 | 352 | 244 | 8.0 |15.38| 543 | 13.28 469 | 304810

Table 2-2: Existing Pump Discharges (based on manufacturer's pump curves) -

0914 | 3.0 | 770 | 272 | 1540 | 544 [23.10] 816
1.07 35 | 728 | 257 [14.55| 514 2183 | 771
1.22 4.0 | 6.79 | 240 | 13.59 | 480 |20.39| 720
1.37 45 | 629 | 222 |12.57 | 444 |18.86 | 666
1.52 50 | 566 | 200 | 11.33| 400 [16.99 | 600
1.68 55 | 476 | 168 | 9.51 | 336 [14.27 | 504

: (2) Electrical Upgrade and Redundancy.

Replacement of the existing water supply pump breaker in the FSP2
switchgear with a new split bus arrangement of switchgear would provide improved
electrical redundancy. See the "North Ladder Fishpump One-line Revision" on plate 4.

. In addition, it would allow replacement of existing medium-voltage breakers, being used
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to start motors, with medium-voltage starters. Electronic “soft-start” controllers could be
used provided the advantages justify the extra costs. As indicated on plate 4, the
switchgear would be configured to place one starter in an isolated intermediate section,
which could be fed from either half of the switchgear bus. Each of the other two pumps
would be fed from medium-voltage starters as well, one in each half of the split bus
switchgear. Starters are designed for more operations and longer life under severe
operating duty cycles than are power circuit breakers.

A tie breaker would be provided between the halves of the split bus
giving Project Operations flexibility in the mode of operation. The tie breaker could be
either closed, allowing feed from either of the existing redundant station service feeders
to all three pumps and low-voltage loads, or it could be open, allowing feed from both
feeders concurrently to respective portions of the split bus. In the event of a fault in
either portion of the split bus switchgear, two pumps would still be operable. Failure of
the half of the split bus feeding the iow-voltage system, FSQ2, could be overcome by
back-feeding FSQ2 over existing feeders from LSQ1, located in the navlock operations
building. A limiting factor which must be investigated during design, and which may
affect installation cost, is physical space availability for new switchgear. The existing
portion of the medium-voltage switchgear that would be replaced is smaller than the
new switchgear proposed above. This may require new switchgear to be located
outdoors. The cost estimate is based on that assumption.

These electrical system upgrades would require the associated water
supply pumping system to be shutdown for approximately 2 to 3 months. This period
could be used to accomplish any of the major mechanical or structural upgrades
discussed below as well. The work would be scheduled during a slow adult fish
migration period and the south shore system would remain operational during the north
shore work.

(3) Rebuild Pumps and Appurtenances.

Project Operations would include in their O&M budget planning
process provisions to rebuild the existing 7.08 cms (250 cfs) pumps. Critical
appurtenances (e.g., the hydraulic system that operates the butterfly valves on the
pump discharges, entrance weirs, and staff gauges) would also be rebuilt through the
O&M process. ’

(4) Bulkheads.

The existing system of bulkheads for isolating the auxiliary water
supply pumps does not allow each of the pumps to be isolated for maintenance or
repairs without affecting the operation of the other two pumps. To improve the -
redundancy of the system, two new bulkheads would be added in the discharge
channel (plate 5). The guides for the bulkheads would be fabricated from stainless.
steel and anchored to the concrete wall using adhesive anchors. The bulkheads would
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be constructed of structural steel and painted and would be either stored on the deck
until they were needed, or dogged off in the top of the guides.

(5) Diffuser Modifications.

Current operating submergence criteria requires that at low and
intermediate tailwater elevations [up to about 106.4 m (348 ft)], more water must pass
through fewer diffusers. The head differential between the tailwater and the collection
channel must be higher than the original design condition to allow this to happen.

The five passages between the supply conduit and number 1 diffuser
well would be enlarged to reduce the head differential requirement. The diffusers were
originally designed for a maximum vertical velocity of 0.076 mps (0.25 fps) over the
gross area of the diffuser. Current diffuser design criteria allow for higher velocities, up
to 0.152 mps (0.5 fps).

Each of the five diffuser openings is 914.4 mm (3 ft) square, for a total
open area of 4.2 square m (45 square ft). The openings would be enlarged to 1.2 m (4
ft) square, to give 7.2 square m (80 square ft) of total open area. Additional
reinforcement would be added at the expanded openings. This would reduce the
required head by 153 to 305 mm (0.5 to 1.0 ft) (plate 6).

(6) Auxiliary Water Supply Pump Crane and Fishway Entrance Hoist.

Modifications to improve reliability for the north shore auxiliary water
supply system would include installing a permanent crane in the vicinity of the auxiliary
water supply pumps. The crane would be capable of safely handling the pumps,
motors, and associated components; lifting them to the required heights; and
positioning them where they could be worked on effectively. Isolation bulkheads could
also be placed or removed. A previous investigation proposed adding a stiff leg
derrick, whirly type crane; a selection based on cost and flexibility (plate 18).

Also included would be a hoist at the fishway entrance location to allow
handling bulkheads and weirs on short notice.

(7) Spare Parts and Enhanced Maintenance.

This section of the alternative was evaluated in the Phase | - Technical
Report, but was not included in the final recommendation. However, further review
concluded that an enhanced maintenance program and an increased on-hand
inventory of spare parts would substantially increase the reliability of the adult fish
passage system if combined with the above-mentioned improvements. Therefore,
Project Operations would incorporate in their O&M funding plans provisions for
enhanced preventative maintenance and additional spare parts. An example of spare
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parts that could be included are listed in table 2-3. Appendix H contains a list of O&M
backlog work items.

Table 2-3: Typical Spare Parts for Ice Harbor Adult Fishway System

c
m
Sen ]

Butterfly valve pivots
Dewatering/sump pumps
Differential sensing unit

Brass tees

Hose bibbs

Gate valves

Reducers

Mud valves

Valve extension stems

Valve handwheels

Stuffing boxes for dewatering/sump pumps
Hydraulic pump for butterfly valve operator
Accumulators

Check valve

Pressure switch

Drain valve

Grease unit

Lube block tees

Pilot bleed

Lube measuring valves
Shut-off valves

Misc. copper fittings and tubing
Misc. hoses

Gear set

Pump motors

Electrical alarms
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(8) Conclusion.

The objective of this study is to improve the reliability of the auxiliary
water supply system to meet existing FPP criteria. The goal should be to provide the
flows required to meet both the submergence and head requirements as stated in the
FPP. Because this alternative does not improve Ice Harbor's ability to meet the FPP
criteria and results in an actual reduction in the amount of fish attraction water flow
leaving the fish entrances, it is not recommended for implementation.



b. Alternative 2 (Upgrade Existing Pumps, Upgrade Electrical, and Improve

Systems).

One alternative recommended for further investigation in the Phase | -
Technical Report consisted of adding a new concrete intake structure and pumps to
provide emergency auxiliary water supply to the north shore adult fishway system.
During more detailed analysis of this alternative, it was discovered that it would be
necessary to tunnel under the existing auxiliary water supply conduit in order for water
to reach the new pump intakes. Therefore, the cost and complexity of adding new
pumps in the location proposed in the Phase | - Technical Report was thought to be
prohibitive in relation to the costs of other alternatives. Other locations for the new
pumps were also ruled out because they either placed the pumps in the spillway stilling
basin, or it was not possible to determine a reasonable way to connect the new pump
discharges to the existing system.

While investigating the pumping system, it was determined that the three
existing pumps could be upgraded. Two upgraded pumps would provide sufficient
water supply, allowing one of the three pumps to serve as a backup pump. The pumps
could be upgraded without modifying the existing pump intake structure. This method
of providing emergency backup capability is further discussed in the following
paragraphs. This alternative includes a series of improvements to features of the adult
fishway auxiliary water supply system to enhance reliability and improve hydraulics.
The various elements of this alternative are presented below.

(1) Upgrade Existing Pumps.

The existing 7.05 cms (250 cfs) pumps would be upgraded to 8.50 cms
(300 cfs) by replacing the impeller, bearings, and liner in each. The pump motors and
gearboxes would also be replaced, but no change to the intake and discharge structure
would be necessary. The new pump motors would have oil-lubricated bearings for a
long maintenance-free life. Spare parts would be provided along with the upgraded
equipment, as typically furnished with new equipment.

In addition to upgrading the pumps, some critical appurtenances would
need to be rebuilt (e.g., the hydraulic system that operates the butterfly valves on the
pump discharges, entrance weirs, and staff gauges). Since pump upgrades would
affect appurtenances, this work would be included in the pump upgrade work. The cost
estimate in appendix D does not include the cost of rebuilding these appurtenances.

"+ Table 2-4 shows how much water passes over the main entrance weir
for varying taitwater elevations for a configuration with 2.44 m (8 ft) of submergence
and 305 mm (1 ft) of head differential across the weir. Below tailwater elevation 103.7
m (340.25 ft), the weir is bottomed out on the sill and the submergence is less than
2.44 m (8 ft). The weir discharge is the combined pumped auxiliary water supply
discharge and the 2.10 cms (74 cfs) gravity flow down the fish ladder.

2-10




Table 2-5 shows the pump discharges for the proposed upgrade to
8.50 cms (300 cfs) pumps to replace the existing 7.05 cms (250 cfs) pumps.
Comparing the required pump discharges from table 2-4 to the data in table 2-5, shows
that two pumps would be able to satisfy the required pump discharges at a head of 1.22
to 1.37 m (4 to 4.5 ft). This would be true for all tailwater elevations except a narrow
range when the weir first bottoms out . The system would operate at about this head or
less if the diffusers were modified as described in paragraph 2.04.a.(5). The actual
effect of the diffuser modifications on pump capacity would be analyzed during plans
and specifications to help determine the actual pump capacity needed. The analysis is
expected to show that the upgraded pumps and modified diffusers would allow the
system to meet criteria more often than if either is done alone.

Table 2-4: System Discharges for Current Operating Criteria -

102.9 1337.5| 160 | 625 | 13.73| 485 | 11.61 | 411
103.0 | 338 | 1.75 | 5756 | 156.15| 535 | 13.02 | 461
103.3 | 339 | 2.06 | 6.75 | 17.92| 633 | 1580 | 559
103.6 | 340 | 2.36 | 7.75 [20.73 | 732 | 1860 | 658
103.7 |340.25| 244 | 8.0 |21.44| 757 | 19.31| 683
1039 | 341 [ 244 | 80 |19.71| 696 |17.58 | 622
1042 | 342 | 244 | 8.0 | 1849 | 653 [16.37 | 579
104.5| 343 | 244 | 80 [17.67| 624 |1555| 550
1049 | 344 | 244 | 8.0 |17.08| 603 |14.95| 529
1052 | 345 | 244 | 80 |1665| 588 | 14.53 | 514
1056.5| 346 | 244 | 8.0 |16.31| 576 |14.19| 502
1058 | 347 | 244 | 80 |16.06| 567 | 13.93| 493
106.1 | 348 | 244 | 8.0 |1583| 559 [13.71| 485
1064 | 349 | 244 | 8.0 | 1560 | 551 |13.48 | 477
106.7 | 350 | 244 | 8.0 |1546| 546 |13.34| 472
1070 351 | 244 | 80 |[1540| 544 |13.28| 470
107.3 | 352 [ 244 | 80 |15.38| 543 | 13.25| 469
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Table 2-5: Proposed Upgraded Pump Discharges (based on manufacturer’s
pump curves)

0914| 3.0 | 951 | 336 | 19.03 | 672 | 28.54 | 1008
107 | 35 [ 921 | 325 [1841| 650 |2761| 975
122 | 40 | 886 | 313 |17.73 | 626 | 26.59 | 939
137 | 45 | 850 | 300 [16.99| 600 |25.49 | 900
1562 | 5.0 | 807 | 285 [16.14| 570 |24.21 | 855
168 | 55 | 765 | 270 [ 1529 | 540 |22.94| 810

(2) Electrical Upgrade and Redundancy.

The pump upgrade described above would require replacement of the
three existing 149 kW [200 horsepower (hp)], 4160-volt (V) pump drive motors with
224 KW (300 hp) motors. The existing 4160-V distribution feeders (redundant feeders
from the station service bus in the powerhouse) are adequately sized to supply the
larger motor loads and would therefore not need to be replaced. However the following
electrical system modifications would be required.

Three existing medium-voltage breakers used for starting pump motors

“across the line” would be replaced with three, medium-voltage starters sized for the
larger 224 kW (300 hp) motors. Soft-start type electronic starters with bypass
contactors could be used if determined during design that the advantages justify the
additional costs. Existing pump motor feeder wire and conduit between the starters

. and the motors would be replaced. The new starters would be installed in switchgear
configured as described in paragraph 2.04.a.(2), thereby providing electrical
distribution redundancy. This new configuration allows operation of two pumps with a
single bus failure. Annunciation systems would be upgraded concurrent with the
switchgear upgrades with redundant alarm indication added in the powerhouse control
room. :

These electrical system upgrades would require the associated water
supply pumping system to be shutdown for approximately 2 to 3 months. This period
could be used to accomplish any major mechanical equipment maintenance on the
system as well. The work would be scheduled during a slow adult fish migration period
and the south shore system.would remain operational during the north shore work.

(3) Bulkheads.

As mentioned in paragraph 2.04.a.(4), the addition of bulkheads to
isolate the pumps would be necessary for this alternative. The information is identical
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to the above paragraph. The installation of the bulkheads would facilitate the pump
upgrade process.

(4) Diffuser Modifications.

See paragraph 2.04.a.(5), for modifications to improve the flow
conditions into fish ladder diffuser 1. These modifications would allow the upgraded

_pumps to produce more flow because of the reduced pump head requirements.

(5) Auxiliary Water Supply Pump Crane and Fishway Entrance Hoist.

As discussed in paragraph 2.04.a.(6), modifications to improve
reliability would include installing a permanent crane in the vicinity of the auxiliary water
supply pumps and a hoist at the fishway entrance location. The installation of the
crane would facilitate the pump upgrade process.

(6) Spare Parts and Enhanced Maintenance.

Project Operations would incorporate in their O&M funding plans
provisions for enhanced preventative maintenance and additional spare parts as
discussed in paragraph 2.04.a.(7).

(7) Conclusion.

This alternative would provide a backup water source with minimal
disruption and no increase in maintenance. Alternative 2 is recommended for
implementation.

c. Alternative 3 (Add Gravity Supply, Upgrade Electrical, and Improve
Systems).

This alternative was recommended for further investigation in the Phase | -
Technical Report. This alternative consists of a gravity supply system to provide an
additional 14 cms (500 cfs) of emergency water. This system would be located at the
north nonoverflow section.

(1) Description.

This alternative would provide 14 cms (500 cfs) of additional auxiliary
water supply by gravity flow, resulting in spare flow equal to two pumps to provide
emergency backup of existing pumps and meet the FPP. At least one of the existing

~ auxiliary water supply pumps would need to be operated concurrent with the gravity

supply system to provide enough water under all operating conditions. Three different
screened reservoir water intake systems mounted to the upstream face of the dam were
considered and are described below as part of the gravity supply system. The gravity
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supply system would include an 1 800-mm-diameter [72-inch (in)-diameter] supply pipe
through the north nonoverflow section of the dam. The supply pipe would be cement
mortar lined and painted steel pipe. Two different north shore fish ladder supply
conduit connections were considered and are also described below as part of the
gravity supply system.

(2) Reservoir Water Intake System.

One of the reservoir water intake systems would use cylindrical tee
screen assemblies and the other two would use flat screens. The screens would be
manufactured from stainless steel wedge wire and would be sized based on 2-mm-wide
(0.079-in-wide) slots with 0.12 mps (0.4 fps) approach velocity and 50 percent open
area. Trashracks would not be installed in front of any of the reservoir water intake
screen systems. The screens would be submerged at all times and would not be
subject to damage by floating debris. The water current in the vicinity of the screens
would not be very high and would not subject the screens to impact by submerged
debris. Similar intake screen systems are commonly installed in rivers without
trashracks. Also, trashracks would themselves require some sort of cleaning system.
Warning signs would be posted directing surface vessels to stay clear of the
submerged intake screens.

All intake system options would have an 1 800-mm-diameter (72-in-
diameter) supply pipe penetrating the mass concrete of the north nonoverflow section
of the dam. The supply pipe through the dam would be positioned to provide a
minimum of 1.8 m (6 ft) of submergence with minimum water elevation. An isolation
bulkhead would be installed on the upstream end of the supply pipe (plate 10). A
bypass around the bulkhead would be provided to allow supply pipe water-up.

All intake system options would use a caisson during supply pipe and
isolation bulkhead installation. A permanent caisson would be used with the cylindrical
intake screen system (plate 9). A temporary caisson would be used with the flat intake
screen systems. The caisson would be anchored to the face of the dam and dewatered
using temporary pumps during supply pipe installation. The caisson would have an
opening in the top for access. The caisson would be fabricated of structural steel and
painted with a submersible coating. The temporary caisson would be similar to the
permanent caisson except it would be about 1.52 m (5 ft) shorter and would not have
openings for connecting tee screens or supply header pipes. After supply pipe and
isolation bulkhead installation, the permanent caisson would be allowed to fill with
water and left in place and the temporary caisson would be allowed to fill with water
and be removed. ;

(a) Cylindrical Intake Screen System.

The cylindrical intake screen system would consist of six
cylindrical tee screen assemblies connected to a permanent caisson mounted to the
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upstream face of the dam. Installation guides would be provided to allow the tee
screens to be removed and installed. Divers would be used to observe the installation
of the tee screen assemblies to ensure correct alignment during maintenance activities.
The use of the tee screens would minimize the number of moving underwater parts
requiring maintenance (plates 7, 8, 9, and 11). The estimate in appendix D is based on
this type of system.

Each tee screen assembly would be 2.13 m (7 ft) in diameter and
7.01 m (23 ft) long and would be oriented vertically. They would be positioned to
provide a minimum of one screen diameter between adjacent screens and submerged
enough to provide a minimum of one screen diameter of water depth with the reservoir
at minimum water elevation. The tee screen assemblies would be designed to
withstand at least 1.52 m (5 ft) of head differential. Crane access to the screens would
be by mobile project crane from the deck of the dam.

The tee screens would be provided with an automatic air burst
backwash cleaning system. If the air burst backwash cleaning system was not able to
remove debris well enough, the tee screen assemblies could be removed and manually
cleaned. The air burst backwash cleaning system would include an air compressor,
compressed air receiver, control valves, connecting piping, and electrical air burst
control system. Because there would be minimal cross flow water currents in the intake
screen area, debris loosened from the screens during backwashing could again be
drawn against the screens in a short time. For the air burst backwash cleaning system
to be most effective, it may be necessary to remove the tee screen from service during
the backwash event. Isolation gates would be provided between the tee screen
assemblies and the supply header pipe. These gates would allow the individual tee
screen assemblies to be removed from service without requiring the entire system to be
shutdown. Maintenance of the isolation gates would require divers. The isolation gate
system would be designed to require a minimal amount of maintenance.

The electrical power for the air burst backwash cleaning system
would be fed from the existing navlock operations building low-voltage switchgear,
LSQ1. Routing of conductors would be through north nonoverflow service gallery cable
trays and conduit installed through core drilled holes to the deck and/or where
necessary. Modifications to switchgear and details of routing would be determined
during design, but it is anticipated that it would include a 480-V breaker in LSQ1 and
480-V distribution to the nonoverflow deck.

(b) Flat Intake Screen System (Passive).

The flat intake screen system (passive) would consist of 36 flat
wedge wire bar screen panels each measuring 1.83 m (6 ft) square supported by an -
integrated steel support/porosity control structure. The support/porosity control
structure would be assembled on shore and moved into position and secured to the
face of the dam. It would be positioned to provide a minimum of 1.83 m (6 ft) of
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submergence with minimum water elevation. The support/porosity control structure
would be painted with a submersible-type coating. It would have guides for screen
panel installation and removal. All screen panels in each column of panels would be
connected so they could be removed for cleaning and repair. Divers could be used to
observe the installation of the screen panels but would not be needed during screen
panel removal during maintenance activities. The screen panels and support structure
would be designed to withstand 914 mm (3 ft) of head differential. Crane access to the
screen panels would be by mobile crane from the deck of the dam. Access would be '
provided for divers to get behind the screen panels for maintenance and repair. (Plates
14, 15, and 16.)

Flow control valves would be used to balance the flow through the
screen panels. Back flush valves would be connected to back flush headers supplied
with water from a submersible 112 kW (150 hp) back flush water pump. The back flush
valves would be shut and the flow control valves would be open, as necessary, to
provide balanced flow during normal operation. During back flushing, the flow control
valve on the screen panel to be back flushed would be shut and the back flush valve on
the screen panel to be back flushed would be open. Only one panel would be back
flushed at a time. Flow control valves and back flush valves would be pneumatically
operated knife gate valves suitable for submerged operation. The flat screen panel
back flushing system would be automatic. If back flushing was not effective enough in
removing debris, a column of screen panels could be removed for manual cleaning.
Because there would be minimal cross flow water currents in the intake screen area,
debris loosened from the screen during back flushing could again be drawn against the
screen in a short time. ‘

The back flush pump would be sized to provide at least twice the
flow rate through the flat screen panel as when the flat screen panel was in normal
operation. The back flush pump intake screen would be cylindrical and have the same
size openings as the flat screen panels. The back flush pump intake screen would be
cleaned with an automatic air burst backwash cleaning system. Differential pressure
indicators would be provided on both the flat screen panels and the back flush pump
intake screen to warn of screen plugging.

The electrical power for the back flush pump would be fed from
the existing navlock operations building medium-voltage switchgear, LSP1. Power for
the flat screen panel back flush control system, air compressor, and the air burst
backwash control system would be fed from the existing low-voltage switchgear, LSQ1,
in the navlock operations building. Routing of conductors would be through north
nonoverflow service gallery cable trays and conduit installed through core drilled holes
to the deck and/or where necessary. Modifications to switchgear and details of routing
would be determined during design. It is anticipated that it would include a medium-
voltage breaker, 5 kV distribution to nonoverflow deck, and medium-voltage, soft-start
controller for the back flush pump. Also included would be low-voltage distribution to
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the air compressor and controls. See plate 19 for a one-line diagram of the flat intake
screen system.

(c) Sloped Flat Intake Screen System (Active).

The sloped flat intake screen system (active) would also consist of
36 flat wedge wire bar screen panels each measuring 1.83 m (6 ft) square supported by
an integrated steel support/porosity control structure. The support/porosity control
structure would be assembled on shore and moved into position and secured to the
face of the dam. It would be positioned to provide a minimum of 1.83 m (6 ft) of
submergence with minimum water elevation. The support/porosity control structure
would be painted with a submersible-type coating. It would have guides for screen
panel installation and removal. The support/porosity control structure for the active
system would be similar in construction to support/porosity control structure for the
passive system. The screen panels would be installed at an angle of 10 degrees from
the vertical with the top of the screens closer to the face of the dam than the bottom of
the screens. All screen panels in each column of panels would be connected so they
could be removed for cleaning and repair. Divers could be used to observe the

_installation of the screen panels, but would not be needed during screen panel removal

during maintenance activities. The screen panels and support structure would be
designed to withstand 914 mm (3 ft) of head differential. Mobile crane access to the
screen panels would be from the deck of the dam. Access would be provided for divers
to get behind the screen panels for maintenance and repair (plate 17).

Flow control valves would be used to balance the flow through the
screen panels. The flow control valves would be pneumatically operated knife gate
valves suitable for submerged operation.

The screen panels would be cleaned by a top-driven screen
cleaner system of commercial design (similar to operating screen cleaners in use
throughout the country). The screen cleaner system would be in three sections to
cover the entire width and length of the screen panels. Each screen cleaner section
would consist of a removable frame, pivoting mounting assembly, drive assembly, and
drive chain with attached scrapers. The screen cleaner assembly would be removed
for maintenance and repair and would not require the use of divers during maintenance
activities. The screen cleaner system would continuously and slowly. drag scraper bars
over the screen panels from bottom to top to scrape off debris. The scraper bars would
be held against the screen panels by their own weight and water current. The drive
chain would be flexible enough to permit the scraper bars to encounter large debris
without damage. Parts of the screen cleaner operating in water would be made of
stainless steel or other corrosion-resistant materials. Each screen cleaner section
would be driven by a 0.745 kW (1 hp) electric motor. If the screen cleaner system was
not effective enough in removing debris, a column of screen panels could be removed
for manual cleaning. Differential pressure indicators would be provided to warn of
screen plugging.
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The electrical power for the screen cleaner system would be fed
from the existing navlock operations building low-voltage switchgear, LSQ1. Routing of
conductors would be through north nonoverflow service gallery cable trays and conduit
installed through core drilled holes to the deck and/or where necessary. Modifications
to switchgear and details of routing would be determined during design, but it is
anticipated that it would include a 480-V breaker in LSQ1 and 480-V distribution to the
nonoverflow deck location, plus starters and control systems. See plate 19 for a one-
line diagram of this sloped flat intake screen system.

(3) Supply Conduit Connection.

Two types of supply pipe connections to the north shore fish water
supply conduit were considered. One would use a free discharge fixed cone valve and
the other an inline sleeve valve to reduce the water pressure supplied to the existing
supply conduit.

(a) Free Discharge Cone Valve.

For this option, a fixed cone valve would be mounted on the
tailrace deck of the north nonoverflow monolith 2. It would discharge into the area
bounded by the navlock on the north, and the fish ladder on the south (stilling area). It
would have a fixed hood to concentrate the valve discharge and reduce spray (plates 7
and 8). Fixed cone valves of this type are the recommended industry standard for free
discharge applications and for breaking heads of this magnitude [30 m (100 ft)]. The
valve discharge would be regulated by an automatic control system based on the
difference in water surface elevation in the water supply channel and the tailrace. The
valve opening would be set using an electric motor driven actuator. The size of the
electric motor is estimated to be 1 kW (1.3 hp) or less. Crane access to the fixed cone
valve would be analyzed carefully during preparation of plans and specifications. One
possible option would be by mobile crane from the deck of the dam. Another possible
option would be to install a new derrick crane on the monolith deck near the fixed cone
valve that would be able to reach and lift the equipment.

Two openings would be cut in the north side of the existing north
shore fish attraction water supply conduit to allow the water from the new supply pipe
into the supply conduit. Wing gates would be installed in the new openings. The wing
gates would be rotated so the new openings would be blocked when the existing
attraction water supply pumps were operating, and the gravity supply system was not
operating. During gravity supply system operation, the wing gates would be rotated to
allow water to flow'into the supply conduit. The wing gates would not be designed to
create a watertight seal. The wing gates would be pneumatically operated and
electrically controlled (plates 7, 11, and 12).

The water level in the stilling area would need to be between
914 mm (3 ft) and 1.52 m (5 ft) higher than the water level in the tailrace in order to

2-18




provide enough head to maintain adequate fish attraction water flows. The existing
equalization holes in the fish ladder training wall would be plugged so the water level in
the stilling area could be controlled. The training wall would be reinforced for the
added head differential using prestressed rock anchors installed in the wall (plate 13).
The water level in the stilling area would be about the same whether the existing
attraction water supply pumps or the gravity supply system was in operation. Any
debris in the stilling area would be removed prior to operating the gravity supply
system.

The electrical power for the cone valve actuator and controls
would be fed from the existing navlock operations building low-voltage switchgear,
LSQ1. Routing of conductors would be through north nonoverflow service gallery cable
trays and conduit installed through core drilled holes to the deck and/or where
necessary. A control location would be located on the nonoverflow deck, with power
and control circuits routed down the downstream face of the nonoverflow section to the
motor and instrumentation components. Modifications to switchgear and details of
routing would be determined during design. See plate 19 for one-line diagram
indicating distribution to “discharge loads,” in each intake screen alternative.

(b) Inline Sleeve Valve.

For this option, an inline sleeve valve would be mounted on top of
the existing north shore fish attraction water supply conduit and would discharge into it
through a hole cut in the top of the supply conduit. Sleeve valves of this type are the
recommended industry standard for breaking heads of this magnitude [30 m (100 ft)]
quietly and with a minimum of vibration. The inline sleeve valve installation would not
require reinforcing the fish ladder training wall. The valve discharge would be
regulated by an automatic control system based on the difference in water surface
elevation in the water supply channel and the tailrace. Valve opening would be set

. using an electric motor driven actuator. The size of the electric motor is estimated to

be 1 KW (1.3 hp) or less. Personnel access to the sleeve valve area would be via
stairs and walkways supported on the supply pipe (plates 14 and 15). Crane access
would be analyzed during preparation of plans and specifications. A possible option
would be to provide a monorail and platform below the fish ladder and mount a derrick
crane to the top of the fish ladder. The crane could lift equipment from the north side of
the fish ladder into a barge moored on the south side of the fish ladder.

The electrical power for actuators and controls would be fed from
the ex:stlng navlock operations building low-voltage switchgear, LSQ1. Routing of
conductors would be through north nonoverflow service gallery cable trays and conduit
installed through core drilled holes to the deck and/or where necessary. A control
station would be located on the nonoverflow deck, with power and control circuits
routed down the downstream face of the nonoverflow section to actuators and
instrumentation components. Modifications to switchgear and details of routing would
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be determined during design. See electrical plate 19 for one-line diagram indicating
“discharge loads,” in each intake screen alternative.

(4) Electrical Upgrade and Redundancy.

Because at least one of the existing auxiliary water supply pumps
would still be required with this alternative, ensuring reliability would also require some
upgrading of the existing pump mechanical and electrical systems. Electrical system
upgrade and provision of redundancy similar to that discussed for Alternative 1 in
2.04.a.(2) would be required.

(5) Rebuild Pumps and Appurtenances.

See paragraph 2.04.a.(3) for recommendations regarding Project
Operations O&M planning for rebuilding existing components to enhance reliability.

(6) Bulkheads.

As mentioned in paragraph 2.04.a.(4), the addition of bulkheads to
isolate the pumps would also be necessary for this alternative.

(7) Diffuser Modifications.

See paragraph 2.04.a.(5) for a description of the modifications to
improve the water flow into the fish ladder diffuser 1.

(8) Auxiliary Water Supply Pump Crane and Fishway Entrance Hoist.

As discussed'in paragraph 2.04.a.(6), modifications to improve
reliability would include installing a permanent crane near the auxiliary water. supply
pumps and a hoist at the fishway entrances.

(9) Spare Parts arid Enhanced‘Maintenance.

‘ Project Operations would incorporate in their O&M funding plans
provisions for enhanced preventative maintenance and additional spare parts as
discussed in paragraph 2.04.a.(7).

(10) Conclusion.

Using a gravity supply system to provide auxiliary water seems
attractive because such systems would require minimal electrical requirements and
would be separate from the existing pumps. Generally, gravity supply systems are
inherently more reliable than pumped systems. However, the requirements for juvenile
screening and screen cleaning for the reservoir intake adds complexity and reduces the
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reliability of gravity supply system. Maintenance of the reservoir intake screening
system would involve the use of divers and would be a time-consuming and expensive
process. Also, unless full-flow capacity, as well as backup, is supplied by gravity
supply systems, the existing pumps must remain operable.

An energy usage comparison shows that the gravity supply system is
very inefficient compared to a pumped system. The energy used by two of the existing
pumps for a season of operation is 2,177.4 megawatt (MW) hours (based on two
149 kW (two 200 hp) pumps operated for 24 hours a day for 10 months). The energy
lost by using the 14 cms (500 cfs) gravity supply system for a season of operation
would be 23,469.2 MW hours, or about 10.8 times as much [based on a head loss of
29m (95 ft) and an 80-percent efficient generator]. Energy recovery generators could
be installed in the gravity supply systems, but these would also increase the complexity
and expense of the system and reduce the system reliability.

A detailed life-cycle cost comparison has not been performed for a
pumped versus gravity supply system. However, the initial cost of the gravity supply
system is higher than for upgrading the existing pumps. The O&M cost for the gravity
supply system would also include the O&M cost of the existing pumps and, therefore,
would be higher than for a pumped system. .

Even though a gravity supply system, as described previously, would
provide a backup water supply, this alternative is not recommended for implementation
because of the high initial construction cost and the high maintenance costs involved.

d. Alternative 4 (Barge Mounted Pumps Shared with Lower Monumental).

In the Phase | - Technical Report, this alternative proposed two 9.8 cms
(350 cfs) barge mounted pumps that could be moved up and down the river and shared
with Lower Monumental. This alternative is not being further evaluated due to the
difficulty and safety issues involved in tying off a barge along the fish ladder training
wall and a cost estimate has not been prepared. Following publication of the Phase | -
Technical Report, flip lips have been-added to the spillway. These flip lips create high
levels of surface turbulence during spilling operations. Also, emptying the navigation
lock causes very choppy waters in the vicinity of the training wall that creates a safety
hazard.

e. Alternative 5 (Reduce Entrance Width, Upgrade Electrical, and Improve

Systems).

Presently, as discussed in paragraph 2.02.c., the three north shore adult
fishway entrances are 3.66 m (12 ft) wide. Only one of these entrances is operated
and the other two are closed. The one operating entrance is wider than individual
entrances at several dams on the Columbia and Snake Rivers. The FPP does not
address entrance width. Therefore, another alternative to improve hydraulic conditions
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while fulfilling the FPP criteria is to narrow the entrance to a width comparable to other
fishway entrances in the Snake River system. This modification would reduce pump
discharge requirements, thereby providing emergency auxiliary water capacity without
additional pumps. This modification, combined with the additional improvements-
discussed below, would provide a one pump equivalent emergency water supply, as
well as improved system reliability.

(1) Eishway Entrance Width Reduction and Hydraulics.

One fishway entrance (NSE-1, plate 3) would be reduced from 3.66 m
(12 ft) wide to 2.44 m (8 ft) wide. In order for fishway velocities to remain within criteria,
a new fishway wall would be installed. It would be a straight wall, extending upstream
between NSE-1 and NSE-2, and parallel to the existing channel walls. The wall would
end between diffusers 1 and 2. This modification would maintain the channel velocity
with less flow across diffuser 1 by decreasing the channel cross section. A detailed
hydraulic analysis would be performed during preparation of plans and specifications.

(2) Electrical Upgrade and Redundancy.

Because the existing auxiliary water supply pumps would still be
required with this alternative, ensuring reliability would also require some upgrading of
the existing pump mechanical and electrical systems. Electrical system upgrade and
provision of redundancy similar to that discussed for Alternative 1 in 2.04.a.(2) would
be required.

(3) Rebuild Pumps and Appurtenances.

See paragraph 2.04.a.(3) for recommendations regarding Project
Operations O&M planning for rebuilding existing components to enhance reliability.

(4) Bulkheads.

As mentioned in paragraph 2.04.a.(4), the addition of bulkheads to
isolate the pumps would also be necessary for this alternative.

(5) Diffuser Modifications.

See paragraph 2.04.a.(5), for a description of the modifications {o
improve the water flow into the fish ladder diffuser 1.

(6) Auxiliary"Water Supply Pump Crane and Fishway Entrance Hoist.

, As discussed in paragréph 2.04.a.(6), modifications to imprové
reliability would include installing a permanent crane near the auxiliary water supply
"~ pumps and a hoist at the fishway entrances. '
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(7) Spare Parts and Enhanced Maintenance.

Project Operations would incorporate in their O&M funding plans
provisions for enhanced preventative maintenance and additional spare parts as
discussed in paragraph 2.04.a.(7).

(8) Conclusion.
The objective of this study is to improve the reliability of the auxiliary

water supply system to meet existing FPP criteria. The goal should be to provide the
flows required to meet both the submergence and head requirements as stated in the

- FPP. Even though this alternative improves the Ice Harbor's ability to meet the FPP

criteria based on weir depth and weir head differential, it results in an actual reduction
in the amount of attraction water leaving the fish entrances. It is therefore not
recommended for implementation and a cost estimate has not been prepared for it.

2.05 NORTH SHORE SUMMARY, ESTIMATED COSTS. RECOMMENDATIONS,
AND DESIGN AND CONSTRUCTION SCHEDULE.

a. Summary.

Five alternatives for providing an emergency auxiliary water supply for Ice
Harbor’s north shore adult fishway system were discussed. Alternative 1 proposed an
operating criteria revision with several system improvements. Improvements included
the following upgrades to the electrical systems: provide redundancy, rebuild existing
pumps, add bulkheads, modify diffusers, add crane and hoist, improve spare parts
inventory, and enhance maintenance. Alternative 2 proposed a pump upgrade together
with other improvements discussed in Alternative 1. Alternative 3 proposed a gravity
supply system that would be combined with the existing pumped system. It would also
include an electrical system upgrade and system improvements similar to those
discussed in Alternative 1. Alternative 4 proposed barge mounted pumps that could be
moved up and down the river and shared with Lower Monumental. Alternative 5
proposed a reduced entrance width, thereby requiring less pump discharge.
Alternative 5 also included an electrical system upgrade and system improvements
similar to Alternative 1.

b. Estimated Costs.

The estimated construction costs for some of the north shore alternatives
are shown in table 2-6. Table 2-6 does not include costs for the recommended O&M
funded activities. Implementation of any one of these alternatives would require
additional funding for E&D and S&A. The O&M and spare parts costs would be
determined by Project Operations. The Total Contract Cost Summaries and the Project
Indirect Summaries for each alternative are provided in appendix D. The estimates
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were prepared using the Microcomputer Aided Cost Engineering System (MCACES)

software.

Table 2-6: Estimated North Shore Construction Costs

"~ $3,423,460

1 - Criteria Revision and System Improvements
Electrical Upgrade & Redundancy $532,989
Bulkheads $321,274
Diffuser Modifications $300,471
Auxiliary Water Supply Pump Crane $2,073,438
Fishway Entrance Hoist $195,289
2 - Upgrade Existing Pumps and System Improvements $4,797,941
Upgrade Existing Pumps ¥ $1,098,384
Electrical Upgrade & Redundancy $875,916
Bulkheads *' $292,848
Diffuser Modifications ¥ $271,799
Auxiliary Water Supply Pump Crane $2,064,544
Fishway Entrance Hoist $194,451
3 - Gravity Supply System and System Improvements $7,315,475
Gravity Supply System (total) $4,104,805
Intake System (Cylindrical Tee Screen) $1,541,555
Supply Conduit Connection (Cone Valve) * $2,563,250
Electrical Upgrade & Redundancy $500,258
Bulkheads * $280,964
Diffuser Modifications $262,117
Auxiliary Water Supply Pump Crane $1,980,769
Fishway Entrance Hoist $186,560
4 - Barge Mounted Pumps N/A
5 - Reduce Fishway Entrance Width N/A

¥ Within each alternative, the costs associated with dewatering the work areas are

equally divided between these line items for that alternative.

A 25-percent contingency is appropriate to identify the uncertainty
associated with the level of design provided for the construction estimate for the
recommended alternative. The Total Contract Cost Estimate (developed at the
October1, 1999, price level) is escalated for inflation through the midpoint of
construction based on construction beginning October 2000 and ending

September 2002. Midpoint of construction is the first quarter FY 02. The Contract Cost

Estimate supports the scope and construction schedule of this Phase Il - Technical
Report. Total construction costs (escalated to the midpoint of construction) are

estimated to be $5,182,000 for the recommended alternative. The total fully-funded

costs for the recommended alternative are estimated to be $7,178,000.
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‘c. Recommendation.

Alternative 2 (Upgrade Existing Pumps, Upgrade Electrical, and Improve
Systems) is recommended for implementation. The existing pumps should be
upgraded to provide at least 8.50 cms (300 cfs) at 1.37 m (4.5 ft) of head. The
electrical power supply to the pumps should be upgraded to allow safer and more
reliable operation. The pump appurtenances should be rebuilt to keep them operable.
Isolation bulkheads should be installed to allow maintenance and repair of any of the
pumps while the other pumps are operating. The supply diffusers should be modified
to allow more flow into the diffusers at low tailwater. A crane should be installed to
perform maintenance on the upgraded pumps and appurtenances. A hoist should be
installed at the fishway entrance to allow removal and installation of the entrance gates
and weirs for maintenance. An enhanced maintenance program should be employed
by the Project Operations. The quantity of spare parts for the pumping system should
be increased to the necessary levels by the Project Operations.

d. Design and Construction Schedule.

The schedule for design and construction is dependent on obtaining
funding. Considering the current budget cycle, it is anticipated that design funds would
first become available in FY 00. Design and award of a construction contract would be
completed by the end of FY 00. Construction is anticipated to be complete by the end
of FY 02.

2.06. SOUTH SHORE ADULT FISHWAY SYSTEM DESCRIPTION.

a. Auxiliary Water Supply System.

Auxiliary water is supplied by 8 pumps, 2 large conduits, and 17 gated
diffusers to supplement the gravity flow from the ladder. Plate 20 shows the basic plan
for the south shore adult fishway system.

Eight vertical propeller pumps driven by electric motors provide most of the
fish attraction water. The pumps are located on the south shore just downstream from
the two main entrance weirs. Each pump is rated at 8.5 cms (300 cfs) at 1.37 m (4.5 ft)
of head (pool to pool), and discharges into an open channel. From the discharge
channel, the water enters a rectangular concrete conduit, which splits into two
branches after about 15.2 m (50 ft). One branch supplies the powerhouse diffusers,

‘which feed into the collection channel. The second branch supplies two diffusers in the

short south shore collection channel and the junction pool; as well as the nine diffusers
in the fish ladder. These ladder diffusers lie between weirs 338 and 355. All of the
diffusers in the south shore system are not controlled. Sluice gates are left open.

The eight pump motors are 186 kW (250 hp), 3-phase, 4,160-V motors that
are all fed from a single 4,160-V bus in switchgear, FSP1. Also fed by FSP1 is an
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indoor 480-V power center, FSQ1, which supplies pump/motor/gear reducer auxiliaries
and fish ladder components. The FSP1 switchgear is in an outdoor cabinet, located
adjacent and upstream from the pumps. The switchgear can be fed from either of two
station-service breakers over fishway feeder 1 or 2. Each motor is started across the
line using a breaker, not a starter. '

The Juvenile Fish Facility, constructed in 1996, includes provisions for
supplying about 5.1 cms (180 cfs) of water from the facility primary dewatering structure
into the lower section of the ice/trash sluiceway. A weir in the sluiceway backs the
water up so it flows into the west end of the pump discharge channel to provide
additional fish attraction water for the adult fishway systems.

b. Fish Ladder.

The south shore fish ladder 7.32 m (24 ft) wide with a floor slope of 1 vertical
to 16 horizontal. At the top of the ladder, a slot and orifice control section regulates
flow to 2.66 cms (94 cfs) through the ladder exit for varying forebay elevations.

c. Fishway Collectibn System.

The collection system on the south shore is more extensive than the north
shore system. Entrances at the north end of the powerhouse and floating orifices
across the downstream face of the powerhouse allow access for fish to enter the
powerhouse collection channel. A short channel, leading from entrance weirs on the
south shore, joins the powerhouse collection channel at a junction pool at the base of
the fish ladder.

The three entrances at the north end of the powerhouse (NPE-1, NPE-2,
and NPE-3) are similar in appearance and operation to the north shore entrances. The
NPE-1 and NPE-2 face downstream and NPE-3 opens into the spillway stilling basin.
Only NPE-2 is operated under normal conditions. The SSE-1 and SSE-2 are similar in
appearance and operation to the other downstream-facing entrances. Normally only
SSE-1 (closest to the powerhouse) is operated, while SSE-2 is closed (plate 20).

d. Original Operating Criteria.

The system was originally designed to operate with the water surface in the
collection channel 228.6 mm (9 in) above the water surface upstream of the entrance
weirs. The head over the entrance weirs was 76.2 mm (3 in). Thus, the water surface
in the collection channel was 304.8 mm (1 ft) above tailwater. Two pairs of wing gates
in the main collection channel and one pair in the short channel leading to the south
shore entrance weirs were installed to help maintain this hlgher water surface elevation
in the collection channel.
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e. Current Operating Criteria.

Current operating criteria requires the head on the entrance weirs to be
between 304.8 and 609.6 mm (1 and 2 ft). The wing gates are still in place but are not
used because it is no longer necessary to maintain a difference in head between the
collection channel and the entrance weirs. All the main entrance weirs are operated to
meet the same criteria pertaining to weir depth and head differential as the north
shore entrances.

2.07. EVALUATION OF THE EXISTING SOUTH SHORE AUXILIARY WATER
SUPPLY SYSTEM.

a. Pump Capacity Limitations.

The south shore system is operated using six to eight pumps depending on
tailwater elevation. Spare capacity has ranged from 0.6 pump-equivalent (based on
the water from the juvenile fish dewatering facility noted above) up to an additional
2 pump-equivalent. See table 2-7 for the south shore pump system requirements.
Spare capacity estimates and the data in table 2-7 are based on the following
assumptions and on observations of the system as it operated during 1992 through
1995.

(1) The system was assumed to be operating as designed with all pumps
producing their rated discharge of 8.5 cms (300 cfs) at 1.4 m (4.5 ft) of head.

(2) The tailwater elevation across the powerhouse was assumed to be
uniform.

(3) It was assumed that the entrance weirs would be on sill when tailwater
is 103.6 m (340 ft) or less and that there would be 2.4 m (8 ft) of submergence when
the tailwater is above 103.6 m (340 ft).

(4) Based on observations, when the system was operating as designed,
the head differential across the entrance weir at the south shore was 427 mm (1.4 ft)
while the differential at the north powerhouse entrance was 305 mm (1.0 ft).

(5) The discharge of the floating orifices was based on the average head
differential between the south shore entrance and the north powerhouse entrance. The
discharge was also based on the assumption that 7 of 12 floating orifices were
operating. ‘ : :

Even though a one-pump equivalent of spare pump capacity may not
be available at all times, the loss of a single pump would result in only about a
12-percent reduction in flow. Eight pumps are not required very often to meet the FPP
criteria, even though the Ice Harbor personnel often run all eight pumps. The risk to
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fish passage with a single pump down would be small. Therefore, additional spare
hydraulic capacity is not required on the south shore.

TABLE 2-7: South Shore Pump Requirements

337.5(102.9| 5.3 |1.60| 1,565 |44.32|1,471|4166] 5 [1,291|36.56 5
338.0{103.0{ 5.8 |1.75| 1,680 |47.58|1,586/44.92| 6 [1,406]39.82 5
339.01103.3| 6.8 |2.06| 1,912 | 54.15|1,818/51.49| 7 [1,638]46.39 6
340.0(103.6| 7.8 [2.36| 2,145 |60.75|2,051|58.09] 7 [1,871]|52.99 7
340.3(103.7| 8.0 [2.44| 2,203 |62.39{2,109{59.73| 8 [1,929|54.63 7
341.0(103.9| 8.0 |2.44| 2,035 | 57.63|1,941{54.97| 7 [1,761|49.87 6
342.0|104.2| 8.0 |2.44| 1,923 | 54.46 |1,829|51.80] 7 |1,649]/46.70 6
343.0(104.5| 8.0 |2.44| 1,849 |52.36|1,755|49.70] 6 |1,575/44.60 6
344.0(104.8| 8.0 [2.44| 1,796 | 50.86 |1,702|48.20f 6 |1,522]|43.10 6
345.0|105.2| 8.0 |2.44| 1,757 | 49.76 |1,663|47.10| 6 |1,483]|42.00 5
346.0(105.5| 8.0 |2.44| 1,730 | 48.99|1,636(46.33| 6 |1,456|41.23 5
347.0(105.8| 8.0 {2.44{ 1,706 | 48.31|1,612(45.65| 6 [1,432|40.56 5
348.0|106.1| 8.0 [2.44| 1,687 | 47.78 |1,593|45.11 6 {1,413]40.02 5
349.0(106.4| 8.0 (2.44| 1,668 | 47.24|1,574{4458| 6 |1,394]|39.48 5
350.0|106.7| 8.0 |2.44| 1,658 |46.96|1,564{44.29] 6 [1,384)|39.20 5
351.0|107.0| 8.0 |2.44| 1,652 |46.79|1,558/44.12] 6 |1,378]39.03 5
352.0(107.3| 8.0 |2.44| 1,648 | 46.67 |1,554|44.01 6 [1,374]38.91 5

- b. Mechanical Reliability.

There is ready access for minor system maintenance. Major maintenance
requiring pump removal would require a rented crane. Because of overhead line
clearances, reach distances, and boom angle restrictions, the existing project crane
cannot be used. Overhead line clearance limitations may require a high-voltage line
outage during the removal activity. The pumps and speed reducers are over 35 years
old and are at the end of what is normally considered the useful operating life for this
type of equipment. The motors are of heavy-duty construction and appear to be in
good, smooth-running condition. They are estimated to have a remaining life span of
about 25 years with good maintenance. Five of the speed reducers have been rebuilt.
None of the pumps have been removed. The pump motors have had bearings replaced
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multiple times as they do not have oil lubricated bearings. Ice Harbor does not have a
complete set of spare parts for the pump system.

c. Electrical Reliability.

The existing dual station-service should be a reliable power source, except
in a plant blackout. The greatest system weakness is the lack of redundancy of the
single bus FSP1 switchgear. A fault on this single bus could cause severe damage to
the switchgear, preventing operation of all eight pumps for an extended period.
Compounding this weakness is the use of breakers instead of starters to start pump
motors. As discussed for the north shore deficiencies, breakers are not designed to
handle repetitively the transient conditions encountered during across the line starting.
Across the line starting of large loads also places greater stress on motors and
mechanical loads. With each additional breaker operation, the chance of a major
failure at the switchgear increases. Since breakers are operated locally, such a failure
could expose operating personnel to serious injury.

2.08. SOUTH SHORE AUXILIARY WATER SUPPLY SYSTEM IMPROVEMENT
ALTERNATIVES.

As discussed in paragraph 2.06.a., additional spare hydraulic capacity is not
required on the south shore. However, system reliability must be improved to assure
continued operation within current system capacity. Alternatives are presented below
for improving electrical and mechanical reliability:

a. Alternative 1 (Electrical System Upgrade).

Two major electrical system modifications could provide an improvement in
electrical reliability. These modifications are as follows:

One would be to replace the existing FSP1 switchgear with new switchgear
having a split bus arrangement with a tie breaker. Each bus would be fed from one of
the existing dual feeders from station service. The sub-feed to power center FSQ1
could be configured in a dual arrangement to allow connection to either half of the
FSP1 bus. The split bus arrangement would ensure that a single bus or feeder failure
would affect no more than four pumps. This would not provide for the single pump
equivalent backup, but it would be an improvement over the existing system.
Historically, the likelihood of a major bus failure is extremely small.

The other improvement would consist of providing medium-voltage starters
in the new switchgear for the eight pump motors. Starters could be operated from a
remote location, reducing any potential for injury due to a catastrophic failure in the
medium-voltage switchgear. Annunciation would be connected into the powerhouse
control room for remote monitoring. These starters could be either “across the line”
type starters or solid state “soft-start” type motor controllers with bypass contactors:
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Motor starters have a higher duty cycle rating than existing breakers and can be
expected to provide more reliable long-term performance. Soft-start controllers put less
stress on the switchgear, motors, and pump components than starting “across the line."
Bypass contactors in these controllers remove the solid state components from the
system after soft-start, increasing the life of the solid state devices, reducing heat
rejection to the spaces adjacent to motor starters, and reducing harmonics induced on
the electrical system. Either type starter would reduce the likelihood of a destructive
failure in the switchgear. Further analysis and selection of the starter type would be
accomplished during design. The cost estimate is based upon soft-start controllers.
See plate 21 for a partial one-line diagram showing the existing, as well as the
improved switchgear configurations.

Both improvements would require the associated water supply system to be
shutdown for approximately 2 to 3 months. This period could be used to accomplish
any major mechanical equipment maintenance on the system as well. The work would
be scheduled during a slow adult fish migration period and the north shore system
would remain operational during the south shore system work.

While this alternative would increase the reliability of the pump electrical
system and allow the project to operate closer to the FPP criteria in the event of an
electrical fault, it does not address improving the reliability of the existing pumps and
appurtenances. Therefore, this alternative is not recommended for implementation.

b. Alternative 2 (Improve Reliability through Enhanced Preventive Maintenance
and Increased Spare Parts Inventory).

This alternative would be a responsibility of Project Operations and would
require increased funding through the O&M budget planning process. An enhanced
* preventative maintenance program in addition to an increased inventory of spare parts
would substantially contribute to the reliability of the adult fishway systems. The object
of the program would be to anticipate possible failures and work to prevent them
through preventative maintenance. Renting a crane for removal of major components
could be anticipated and scheduled where it would be needed for preventative
maintenance. The increased parts inventory would allow the project to be prepared to
resolve most problems in a timely manner. Such spare parts could include, but would
not be limited to, a spare gear set or gear box, two spare motors with oil lubricated
bearings, replacement oil lubricated type bearings for existing motors if available, a
new grease system, a butterfly valve operator hydraulic pump, and new electrical
alarms. See table 2-3 for a general list of typical spare parts. Appendix H contains a
list of O&M backlog work items.

While this alternative would increase the reliability of the pump system and
allow for quicker repair of failed pump equipment and appurtenances, it does not
address the lack of starters or the single bus arrangement of the electrical power
source for the existing pumps. A failure of the electrical power system could result in
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no pumps being operable. Therefore, this alternative is not recommended for
implementation.

c. Alternative 3 (Electrical System Upgrade, Enhanced Preventive
Maintenance, and Increased Spare Parts Inventory).

This alternative is the combination of Alternatives 1 and 2. Under this
alternative, the pump electrical systems would be upgraded as described in
Alternative 1, and an enhanced preventative maintenance program would be employed
with an increased spare parts inventory as described in Alternative 2. This alternative
addresses the electrical reliability issue and the continued use of existing equipment
with increased preventative maintenance and spare parts. Also, as described
previously, this alternative would provide between 0.6 and 2 pumps equivalent of
backup water supply. This alternative is recommended for implementation.

2.09 SOUTH SHORE SUMMARY, ESTIMATED COSTS, RECOMMENDATIONS,
AND DESIGN AND CONSTRUCTION SCHEDULE.

a. Summary.

Three alternatives for the south shore adult fishway systems were
discussed. Alternative 1 proposed an electrical system upgrade providing new
switchgear with a split bus arrangement including medium-voltage starters. Alternative
2 proposed improved reliability through enhanced preventive maintenance and
increased spare parts inventory, funded through the O&M program. Alternative 3
proposed a combination of Alternatives 1 and 2.

b. Estimated Costs.

The estimated construction costs for the construction general portions of the
south shore alternatives are shown in table 2-8. Table 2-8 does not include costs for
the recommended O&M funded activities. Implementation of Alternative 1 or 3 would
require additional funding for E&D and S&A for the construction general portions. The
O&M and spare parts costs would be determined by Project Operations. The Total
Contract Cost Summary and the Project Indirect Summary for the construction general
portion of the recommended alternative are provided in appendix E. The estimate was
prepared using the MCACES software. '

A 25-percent contingency is appropriate to identify the uncertainty

- associated with the level of design provided for the construction estimate for the

recommended alternative. The Total Contract Cost Estimate (developed at the
October 1, 1999, price level) is escalated for inflation through the midpoint of
construction based on construction beginning October 2002 and ending
September 2004. Midpoint of construction is the first quarter FY 04. The
Contract Cost Estimate supports the scope and construction schedule of this
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Phase Il - Technical Report. Total construction costs for the CG portion, escalated to
the midpoint of construction, are estimated to be $2,109,000 for the recommended
alternative. The total fully-funded costs for the recommended alternative are estimated
to be $2,921,000.

Table 2-8: Estimated South Shore System Construction Costs

1 Electrical System Upgrade . $1A,.855,455.

2 - Improve Reliability O&M Budget

3 - Electrical System Upgrade & Improve Rehabullty $1,855,455 plus O&M Budget

c. Recommendations.

Alternative 3 is recommended for implementation. The electrical power
supply to the pumps should be upgraded to allow safer and more reliable operation.
Project Operations should inspect all pertinent systems and develop any required
maintenance schedules or spare parts inventory requirements for inclusion in O&M
funding plans. This would include plans for replacement, refurblshment or rebuilding
to return systems to original condition.

d. Design and Construction Schedule.

The schedule for design and construction is dependent on obtaining
funding. Considering the current budget cycle, it is anticipated that design funds would
first become available in FY 00. Design and award of a construction contract would be
completed by the end of FY 00. Construction is anticipated to be complete by the end
of FY 04. This schedule would allow two seasons to complete the work and would not
require both north and south shore adult fishway systems to be shutdown
simultaneously.
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SECTION 3 - LOWER MONUMENTAL

3.01. GENERAL.

Lower Monumental, completed in 1969, is located on the lower Snake River at
river kilometer 66.9 (mile 41.6). The normal range of forebay pool elevations is 163.7
to 164.6 m (537 to 540 ft) msl. The tailwater elevation typically varies between 133.2 to
136.6 m (437 to 448 ft). The adult fishway system consists of an auxiliary water supply
system, fish ladders, and collection systems. The collection systems and fish ladders
are operated on both the north and south shores. The auxiliary water supply system is
shared by both fish ladders.

3.02. ADULT FISHWAY SYSTEM DESCRIPTION.

a. Auxiliary Water Supply System.

The water supply system for the north and south shore fish ladders and
fishway entrances have three water sources: gravity flow coming down the fish
ladders, a pumped auxiliary water supply system, and excess water from the juvenile
fish bypass dewatering facility. The combination of these sources provides adequate
fish attraction water flows at the ladders and collection channel entrances (plates 23
and 24).

Three turbine-driven pumps located in the erection bay supply most of the
auxiliary water supply for all ladder entrances. The three units consist of hydraulic
Francis turbines, speed reducers, and axial flow fixed blade propeller pumps. Each
unit is rated to deliver up to 24 cms (850 cfs) at a water-to-water pump head of 1.2 m
(4 ft) and at a turbine gross head of 27.4 m (90 ft). The pumps discharge into an open
atmosphere chamber. Normally, all three turbine pumps are operated in manual mode.
(Their controls were designed to allow two to be operated in manual with the third
controlled in automatic according to tailwater elevation.)

The hydraulic turbine water supply system consists of a single 1 200-mm-
diameter (48-in-diameter) penstock leading from the upstream face of the dam down to
near the turbines where it divides into three 760-mm-diameter (30-in-diameter) laterals
that supply water to the turbines. The 1 200-mm-diameter (48-in-diameter) penstock
transitions to a 1.96- by 2.43-m (77- by 96-in) opening at the upstream face of the dam.
Guides embedded in the upstream face of the dam allow lowering a trashrack or
bulkhead over the penstock entrance from the deck of the dam. The penstock has an
air backwash system to remove debris from the trashrack.

Excess water from the juvenile fish bypass dewatering facility downwell drain

line discharges into the pump chamber, adding approximately 5.1 cms (180 cfs) to the
water supply system.
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From the open-atmosphere pump discharge chamber the water enters three
different supply conduits. One conduit supplies diffusers located along the powerhouse
collection channel and near the SPE. The other supplies diffusers located in the lower
sections of the north shore fish ladder and near the NSE. The third conduit, the south
shore fishway water supply conduit, supplies water through diffusers to the south shore
collection channel. This supply conduit runs along the downstream side of the
powerhouse, upstream to the spillway, across the spiliway, and then downstream to the
south shore diffusers. A regulating tainter gate within the conduit at the south end of
the powerhouse is used to help control flow to the south shore entrances (plate 24).

Electrical power to control fishwater turbine pumps and to power critical
elements of the pump and fishway systems is provided from station service and from
the powerhouse battery bus. The FSC Switchboard contains the central control,
indication, instrumentation, and relay equipment for the operation of the fishwater
pumps.

b. Fish Ladders.

The north shore fishway ladder is 4.88 m (16 ft) wide and has a floor slope
of one vertical to ten horizontal. A control section at the top of the ladder regulates the
flow down the ladder at about 2.10 cms (74 cfs) for varying forebay pool elevations.

The south shore fishway ladder is 4.88 m (16 ft) wide and has a floor slope
of one vertical to ten horizontal. A control section at the top of the ladder regulates the
flow down the ladder at about 2.10 cms (74 cfs) for varying forebay pool elevations.

c. Fishway Collection System.

There are two 1.2-m-wide (4-ft-wide) entrances located immediately
downstream from the erection bay on the north shore. These entrances are overflow
weirs with gate heights of 5.5 m (18.0 ft) and sill elevations at 130.8 m (429.0 ft) msl. .
These fish ladder entrances can be adjusted for depth of submergence to maintain the
proper fish attraction water flow. The collection channel invert upstream of these

entrances gradually transitions from elevation 130.8 m (429.0 ft) at the sills to elevation

131.7 m (432.0 ft) at diffuser 2B. A junction pool at the lower end of the north shore
jadder divides the flow to the fish ladder entrances and the fish collection channel.

The fish collection channel runs along the downstream face of the
powerhouse and has 10 floating weir orifices. Only five of the floating weir orifices are
used and the remainder are bulkheaded closed. The operating orifices have openings
610 mm (2 ft) high by 1.8 m (6 ft) wide with buoyancy tanks used to maintain the orifice
center line at roughly 1.2 m (4.0 ft) below tailwater.

. «There are three 1.8-m-wide (6-ft-wide) entrances located at the south end of
the powerhouse just downstream from unit 6. Presently, the two downstream entrances
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are operated with the side entrance not used. Entrances SPE-1 and SPE-2 are
overflow weirs with gate heights of 4.7 m (15.5 ft) and sill elevations at 131.7 m
(432.0 ft). Entrance SPE-3 is a lift gate entrance with a gate height of 3.4 m (11.1 ft)
and a sill elevation at 131.7 m (432 ft). The collection channel extends from the
entrances at the south end of the powerhouse to the entrances and fish ladder on the
north shore.

There are three 1.8-m-wide (6-ft-wide) entrances located near the
downstream end of the stilling basin on the south shore. A south shore collection
channel and diffusers connect the south shore entrances to the south shore fish ladder.
Presently, the two downstream entrances are operated with the side entrance not used.
Entrance SSE-1 is an overflow weir, and SSE-2 is a lift gate entrance acting like a
sluice gate under present operations. Both gate heights are 4.4 m (14.5 ft) with sill
elevations at 131.4 m (431.0 ft).

Most fishway entrance gates are controlled by a Programmable Logic
Controller located in the powerhouse control room, with a data highway link to three
remote I/O panels at the fishway entrances. The SSE-2 and SSE-3 are operated
manually. Station service power to operate the south shore entrances is distributed
from switchgear LSP2-LSQ2 (located in the navigation lock substation room) to control
center FQ1 (located near the entrances).

3.03. EVALUATION OF THE EXISTING AUXILIARY WATER SUPPLY SYSTEM.

a. Pump Capacity Limitations.

All three fishway turbine pumps are operating full-time attempting to meet
the FPP criteria. There is no emergency auxiliary water supply available to sustain
operation within criteria in the event of a pump failure. There appears to be a mismatch
of pumping system components. Project personnel have not been able to obtain the
rated pump speed or wicket gating opening. The maximum flow available out of the
pumps appears to be about 19.8 cms (700 cfs) each instead of the 24 cms (850 cfs)
design flow. The actual pump performance does not appear to match the
manufacturer’'s pump curves. Even though the pumps appear to have reduced
capacity, Lower Monumental is able to stay within the FPP criteria most of the time wnth
all three pumps running.

b. Mechanical Reliability.

The fishway turbine pumps are gravity fed and require only low-voltage
electrical power. Individual pump chambers can be isolated and dewatered for
maintenance by using the intake and discharge bulkheads. When only two pumps are
running, the third pump is isolated with bulkheads, thereby preventing reverse flow
through it. The water turbines appear to be in fairly good condition, and their remaining
life span is estimated to be longer than 25 years. One turbine is new and the others
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were rebuilt during 1994 and 1995. The turbine grease systems were replaced, and
the wicket gates were overhauled. The gearboxes and pumps are in fairly good
condition but may be near the end of their useful life span. Annual preventative
maintenance and necessary repairs are about the only work that has been done on the
gearboxes and pumps.

The hydraulic turbine intake penstock has an air backwash system to
remove debris from the trashrack. Trashrack plugging reduces the pumping capacity of
the pumps. The original system was not effective in cleaning the lower portion of the
trashrack. Project personnel recently installed additional air backwash piping to the
trashrack to-improve their cleaning ability. The additional backwash piping allows the
entire trashrack to be cleaned. Backwash is performed at night and is necessary every
few weeks during the operating season. The penstock must be removed from service
during backwash events. This system has been in operation for over a year and has
worked very well.

c. Electrical Reliability.

Electrical power is used only for support functions and instrumentation. The
480-V station service power distribution sources for the auxiliary water pumps are fed
from dual bus systems. Therefore, any potential for outages from loss of 480-V power
would involve electrical equipment located the farthest from the power source that
should be readily available in the marketplace. This equipment has proven very
reliable and could be repaired in a period measured in hours or days.

Turbine intake butterfly valve operators are direct current (dc) powered so
that emergency shutdown is possible without 480-V power. These operators will
automatically shutdown the associated turbine pump when any of the following
conditions occur: '

e The 480-V alternating current (ac) supply to contfols, wicket gate
operators, and other auxiliaries are interrupted for more than
35 seconds.

e The speed reducer oil pump fails for 35 seconds.

e Any lockout relay indicates high temperatures of the turbine, speed
reducer, or pump bearing oil. '

e Aloss of pump thrust bearing oil pressure.
Any of these conditions could result in an extended auxiliary water pump
outage if not alarmed and then corrected. In addition, the loss of wicket gate power or

control could lead to a turbine pump overspeed condition if not corrected. Therefore,
the shutdown features are absolutely essential.
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Powerhouse blackouts are extremely rare, but when they have occurred,

they have lasted for less than an hour. For an operator who is dealing with a blackout

occurrence, restarting auxiliary water pumps is of lesser priority than preventing
powerhouse flooding and preserving powerhouse systems integrity.

Providing backup power from the powerhouse emergency generator would
not improve reliability since, as noted above, in a situation where the emergency
generator would be energized, the auxiliary water pumps would not be an operator’s
primary concern. The generator is connected to station service ahead of the dual bus
feeds, so other distribution options are already available when not in a blackout
situation.

The butterfly valve operators used for emergency shutdown are powered
from the powerhouse battery bus. Therefore, the battery system and its distribution
features are critical to protecting the auxiliary water pumps from damage. The battery
system has proven to be a reliable system.

3.04. AUXILIARY WATER SUPPLY SYSTEM IMPROVEMENT ALTERNATIVES.

Several alternatives for improving the reliability of the existing auxiliary water
supply and for providing additional emergency water supply were recommended for
further investigation in the Phase | - Technical Report. They were summarized in the
introduction of this Phase Il - Technical Report. The following discussion addresses
the Phase | - Technical Report recommended alternatives. It also presents modified
versions that were investigated further.

a. Alternative 1 (South Shore Water Supply Pumping System).

An alternative that would add pumps on the south shore was discussed in
the Phase | - Technical Report, but was not recommended for further investigation in
that report due to accessibility for construction and maintenance. Further investigation
revealed that a modified south shore pumping alternative would be better than the
system proposed in the Phase | - Technical Report. This system is comprised of a
revised pump location and a scheme of operation that would separate the existing
auxiliary water supply system into north and south auxiliary water supply systems. This
modified system is presented below.

(1) General Description.

This alternative would separate the existing auxiliary water supply
system into north and south shore auxiliary water supply systems. The regulating
tainter gate located at the south end of the powerhouse in the south shore auxiliary
water supply conduit would remain closed, to be used only as an emergency water
supply connection between fishways. The north shore entrances would continue to
utilize the existing hydraulic turbine-driven pumps. A new auxiliary water supply
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pumping system wouid be added on the south shore to supply the auxiliary water
supply at the south shore entrances. The existing computerized fishway control system
would be upgraded so that north and south auxiliary' water supply systems would
operate independently.

In addition to the improvements listed above, Project Operations would
incorporate in their O&M funding plans provisions to maintain or replace components of
existing features where hydraulic conditions could be improved. Spare parts
inventories for fishway systems’ critical components could be increased to improve
turnaround times and enhance reliability. Appendix H contains a list of O&M backlog
work items. Examples of potential feature improvements are:

e Refurbish entrance gates and operators to reduce leakage.
e Replace floating orifice gate seals.

(2) South Shore Pumping System.

The new pumphouse would be constructed between the fish ladder and
the navigation lock. A temporary cofferdam would be constructed to allow construction
of the pumphouse between the base of the fish ladder and the navigation lock. After
unwatering the area, the existing rockfill would be removed, and the bedrock under the
rockfill would be excavated to a depth of approximately 1.5 m (5 ft). The structure
would then be constructed of reinforced concrete and would be structurally
independent of the navigation lock and the fish ladder. The pumphouse walls would
have a 25-mm (1-in) gap between the navigation lock on one side, and the fish ladder
on the other side. This would allow any movements occurring in the navigation lock
monoliths or the fish ladder to take place without harming the pumphouse. To
counteract uplift pressures and prevent overturning, the floor slab of the pumphouse
would be anchored down to the bedrock using thirty-five 32-mm-diameter (1.25-in-
diameter) rock anchors.

A bulkhead would be provided for dewatering the pumphouse for
maintenance or repairs. The bulkhead would be constructed to fit in the trashrack slot
(plates 25 and 26). A hoist would be provided for handling the bulkhead and trashrack.
Because the pump intake would be shallow, fish screens would be installed on the
pump intake to keep juvenile fish out of the system. Screen cleaning provisions would
be provided to keep the intake screens clear of debris. The intake screens and screen
cleamng systems are not shown on the plates

The connection between the new pump and the water supply conduit
would be made using a 3 048-mm-diameter (120-in-diameter) epoxy lined and coated
steel pipe. The pipe would penetrate the side of the water supply conduit adjacent to
the diffusers going into the fish ladder.




(a) New Pump.

The pump system, described in the Phase | - Technical Report,
used two 9.9 cms (350 cfs) pumps. Based on the space restrictions, and to reduce
O&M costs, it was decided to use one 19.8 cms (700 cfs) pump instead of two 9.9 cms
(350 cfs) pumps. The pump would be a vertical propeller pump similar to the existing
auxiliary water supply pumps in the powerhouse. There is no need for two pumps for
redundancy, because the three existing auxiliary water supply pumps would still be part
of the system. The regulating tainter gate in the water supply conduit could be
reopened for emergencies or maintenance if needed.

(b) Access.

Access to the site where the pumphouse would be constructed
would be limited to two methods. Access from barges that can fit under the fish ladder
and between the fish ladder support columns, or access from the top of the navigation
lock using a large crane. Personnel access is possible by using the existing personnel
elevator from the top of the dam and walking over to the pumphouse.

(3) South Shore Electrical.

There is currently insufficient power available on the south shore to
feed the proposed pumping system. A new 5 kV feeder would be required between a
new breaker in the station service SP gear in the powerhouse to the new pump
location. Since this pump system would be backed up by a spare turbine pump on the
north shore, a dual feeder would not be required. This feeder would be installed
approximately 427 m (1,400 ft) in existing cable tray, 30.5 m (100 ft) in vertical cable
shaft, and 152 m (500 ft) in new rigid steel conduit. A breaker and medium-voltage
starter in a weatherproof cabinet would be located near the pump. A distribution
transformer and low-voltage equipment would be installed to provide for local loads
(e.g., lighting, controls, and cabinet heaters).

Existing solid state controls for the south shore entrance gates would
be modified as necessary to allow operation independent from the north shore system.
Remote control and annunciation for the new pump would be incorporated with the
existing programmable controller system.

(4) Conclusion.

This alternative would provide a backup water source with minimal
disruption. It has the advantage of reducing the hydraulic losses created by delivering
water through the south shore water supply conduit all the way from the north shore. It
also provides the economic benefit of providing two independent systems that share a
common emergency backup source (one of the existing turbine pumps). However,
there is an accessibility problem, which would require the addition of a crane near the




south shore equipment. The juvenile screens on the pump intake would require screen
cleaning provisions with their inherent complexity and potential reliability problems.
Due to the additional requirement for crane and screens and the associated increased
maintenance and construction costs, implementation of this alternative is not
recommended.

b. Alternative 2 (Gravity Supply System Through South Nonoverflow Section).

In the Phase | - Technical Report, a version of this alternative was proposed
based on developing 19.8 cms (700 cfs) additional flow. It assumed a shared water
supply between the north and south shore fishway ladders and collection channel, as
presently operated. The alternative described below would operate the north and
south auxiliary water supply systems independently..

(1) General Description.

This alternative would separate the existing auxiliary water supply
system into north and south shore auxiliary water supply systems by closing the
regulating tainter gate at the south end of the powerhouse. The north shore and
powerhouse entrances would continue to use the existing turbine pumps.

A new gravity supply system would be installed at the south
nonoverflow section to provide up to 19.8 cms (700 cfs) auxiliary water supply for the
south shore entrances. The new gravity supply system would include a screened
reservoir water intake system mounted to the upstream face of the dam and a
2 100-mm-diameter (84-in-diameter) epoxy lined -and coated steel supply pipe through
the south nonoverflow section of the dam (plate 31). The supply pipe would connect to
a new pressure reducing sleeve valve located in the existing south shore auxiliary
water supply conduit.

Separating the auxiliary water supply system by closing the regulating
tainter gate at the south end of the powerhouse would allow the north shore and
powerhouse auxiliary water supply systems to operate using just two of the existing
turbine pumps. The regulating tainter gate could be opened and all three turbine
pumps operated to provide a backup water source for the south shore gravity supply
system. Thus, the primary auxiliary water supply sources would be two of the existing
turbine pumps and the new gravity supply system. The emergency auxiliary water
supply source would be one of the existing turbine pumps.

- This-alternative would also include upgrading the fishway control
system as discussed in Alternative 1. -

In addition to the improvements listed, Project Operations would

incorporate in their O&M funding plans provisions to maintain or replace components
of existing features where hydraulic conditions could be improved. Spare parts
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inventories for fishway systems’ critical components could be increased to improve
turnaround times and enhance reliability. Appendix H contains a list of O&M backlog
work items. Examples of potential feature improvements are:

e  Refurbish entrance gates and operators to reduce leakage.

o Replace floating orifice gate seals.

(2) Reservoir Water Intake System.

The primary component of the gravity supply system is the screened
intake. Two types of screened intake systems were considered. A multiple tee screen
type intake system and a large drum screen intake system. Trashracks would not be
installed in front of either of the reservoir water intake screen systems. The screens
would be submerged at all times and would not be subject to damage by floating debris.
The water current in the vicinity of the screens would not be very high and would not
subject the screens to impact by submerged debris. Similar intake screen systems are
commonly installed in rivers without trashracks. Also, trashracks would themselves
require some sort of cleaning system. Warning signs would be posted directing
surface vessels to stay clear of the submerged intake screens.

(a) Multiple Tee Screen Type Intake System Discussion.

A multiple tee screen intake system, similar to the one considered
at Ice Harbor, was briefly investigated. The tee screens proposed for Ice Harbor are
the largest commercially available. A minimum of eight such tee screens would be
necessary at Lower Monumental to supply up to 19.8 cms (700 cfs). Installing that
many tee screens at Lower Monumental would place the southern-most tee screen in
front of the fish ladder exit and the northern-most tee screen near the spillway. The tee
screen in front of the fish ladder exit could interfere with fish leaving the fish ladder.
The tee screen near the spillway could be subjected to damaging debris during spill
events. Therefore, installing a tee screen-type reservoir intake system was not
considered further.

(b) Drum Screen Intake.

The drum screen would be 8.16 m (26.8 ft) long and 7.93 m (26 ft)
in diameter. The ends of the drum screen would be steel plate except at the supply
pipe connection. Stainless steel wedge wire bar screen panels would be bolted around
the sides of the drum. The wedge wire would be sized based on 2-mm-wide (0.079-in-
wide) slots, 0.12 mps (0.4 fps) approach velocity and 50 percent open area. An
internal perforated pipe would be installed with the perforation configuration determined
by computer modeling to provide equal flow velocities through all the screen area
(plate 34).
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(c) Drum Screen Support Frame.

A structural steel frame mounted to the upstream face of the dam
would support the drum screen. The support frame would be secured to the dam with
adhesive anchors. The support frame would be assembled on shore and moved into
position as a single unit (plate 35). Underwater ferrous surfaces would be epoxy
coated and cathodically protected to prevent corrosion.

(d) Drum Screen Drive System.

To provide cleaning, the drum screen would be rotated at about
0.1 revolution per minute by an electric motor located at the deck of the dam with a
drive shaft extending down to the drum screen. Universal joints suitable for submerged
operation would be used to align the drive shaft so a submerged gearbox would not be
required. The drum screen drive motor is estimated to be 1 kW (1.3 hp) or less. The
underwater portions of the drum screen drive system would require the use of divers
during maintenance activities.

(e) Drum Screen Backflush System.

The drum screen would be cleaned by a backflush system that
would continuously draw water backward through a portion of the screen using gravity
flow. This reverse flow would occur along narrow longitudinal backflush slots at one
radial location on the circumference of the drum as the drum rotated past. The
longitudinal backflush slots would be along the length of a backflush intake pipe
parallel and adjacent to the intake drum (plate 38). The backflush,piping would be
routed through the south nonoverflow section of the dam and would drain into the water
supply conduit. Alternately, the backflush piping could be routed directly to the tailrace.
The most suitable routing would be investigated during preparation of plans and
specifications. Differential pressure sensors would be installed across the screen so
screen plugging could be monitored.

The backflush intake slots would have brushes and ultra-high
molecular weight polyethylene wear shoes along their length to help remove debris.
The wear shoes would block off the intake screen adjacent to the intake slots to prevent
localized high through-screen velocities. The backflush system would be primarily
designed to remove small debris clinging to and between the wedge wire bars that was
not brushed off. Debris removed by the brushes would settle to the bottom of the
reservoir. Large debris settling onto the top surface of the drum would fall off as the
drum rotated.” The intake slots and intake pipe would be able to rotate away from the
screen for maintenance and repair. The intake slots would be held against the screen
by spring tension and generated suction. Maintenance and repair of the backflush
system in the reservoir would require the use of divers.
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An electric motor operated pinch valve would control the backflush
flow rate. The pinch valve operator motor is estimated to be 1 kW (1.3 hp) or less. A
flow meter would be installed downstream of the pinch valve to measure the backflush
flow rate. Pinch valves were selected because they are most suitable for throttling
debris-laden water. The backflush through-screen velocity at the backflush slot would
be approximately 2 mps (7 fps) with 0.39 cms (14 cfs) of backflush flow.

Air burst backwash cleaning systems would not be as effective in
this application as the brush and backflush system. Because the gravity supply system
would be a primary source for auxiliary water supply, it should be able to operate for
long periods of time without shutdown. Air burst backwash cleaning systems would
disrupt the water flow while operating. They also work best when there is some cross
flow to carry away loosened debris. There would not be much cross flow in the vicinity
of the drum type intake screen system.

(f) Drum Screen Installation.

The supply pipe connection at the outlet of the drum screen would
be designed with a sliding connection assembly to allow drum screen installation and
removal with a minimum of underwater work. The sliding piece would be retracted
during removal and installation of the drum screen and extended for drum screen
operation. Retracting and extending the sliding piece would simultaneously disengage
and engage the drum screen drive shaft (plate 36). Divers would be required to
observe the installation and removal of the drum screen during maintenance activities.
Crane access to the drum screen would be by mobile crane from the deck of the dam.

The drum screen and upstream and outlet bearing assemblies
would be installed and removed as a single unit. After lowering the drum screen into
position, the sliding assembly would be extended and the backflush slots rotated into
position against the screen. Inflatable seals would be used to seal the gaps between
the sliding assembly and the supply pipe. Pneumatic cylinders suitable for submerged
operation would be used to position the sliding assembly and rotate the backflush slots.
The design would allow the cylinders to be retracted while the drum screen was in use
to minimize the cylinder rod exposure to the water. :

(g) Drum Screen Isolation Valve.

' A hydraulically actuated 2 100-mm-diameter (84-in-diameter) knife
gate valve suitable for submerged operation would be installed in the supply pipe
between the drum screen and the dam. This valve would serve as the isolation valve
for the water supply system. A hydraulic system would be used rather than a
pneumatic one because of the high pressures needed to operate the valve. The oil
used in the hydraulic system would be the same type as that used in the regulating
tainter gate hydraulic system. The hydraulic power unit for the knife gate valve is
estimated to be 1 kW (1.3 hp) or less. The hydraulic power unit is not shown on the
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plates, but it would be of the standard commercial design for this type of application.
Lockout, oil level monitoring, and other safety devices would be incorporated into the
design to prevent unauthorized valve movement.

(h) Temporary Bulkhead.

A temporary bulkhead would be installed on the upstream face of
the dam during installation of the supply pipe through the dam (plate 30). The opening
for the supply pipe would be tunneled through the dam into the back of the bulkhead.
The supply pipe would be installed and grouted in place. A blind flange would be
installed on the downstream end of the pipe just outside of the concrete. The
temporary bulkhead would then be allowed to fill with water and removed. The drum
screen isolation valve would be installed on the upstream end of the pipe and closed.
The water would be drained from the pipe through the dam, and the blind flange on the
downstream end of the pipe would then be removed. The remaining supply pipe to the
auxiliary water supply conduit connection would then be installed.

(3) Supply Conduit Connéction

The connection to the south shore auxiliary water supply conduit would
be made just downstream of the south nonoverflow monoliths (plate 31). The rockfill
above the conduit at the connection would be penetrated with a pipe downwell and the
rockfill removed from inside the downwell. A hole would be cut in the top of the conduit
for connecting the downwell. A sleeve valve would be installed in the downwell and
connected to the supply pipe coming through the dam. Sleeve valves of this type are
the recommended industry standard for breaking heads of this magnitude [30 m (100
ft)] quietly and with a minimum of vibration. The sleeve valve discharge would be
regulated by an automatic control system based on the difference between water
surface elevation in the water supply conduit and the tailrace. The sleeve valve
opening would be set using an electric motor driven actuator. The size of the electric
motor is estimated to be 1 kW (1.3 hp) or less. Crane access to the sleeve valve would
be by mobile crane from the deck of the dam.

(4) Electrical.

The electrical supply to provide for power and control of the drum
screen drive and backflush systems, knife gate hydraulic power unit, and sleeve valve
actuator would be provided from switchgear LSQ2 in the navigation lock substation
room. The loads would be small enough to allow connection to existing spare
breakers. Distribution conductors would be in existing cable trays and through rigid
steel conduits installed through core drilled penetrations where necessary. Starters
would be located adjacent to equipment, and controls would utilize solid state
programmable controller technology interfaced with the existing fishway control system.
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(5) Conclusion.

This alternative would provide the economic benefit of providing two
independent systems that share a common emergency backup source (one of the
turbine pumps). There would be increased maintenance costs associated with a new
gravity supply system and operation of the additional equipment would increase
operator responsibilities.

Using a gravity supply system to provide auxiliary water supply seems
attractive because such systems would require minimal electrical requirements and
would be separate from the existing pumps. Generally, gravity supply systems are
inherently more reliable than pumped systems. However, the requirement for juvenile
screening and screen cleaning for the reservoir intake adds complexity and reduces the
reliability of the gravity supply system. Maintenance of the reservoir intake screening
system would involve the use of divers and would be a time-consuming and expensive:
process. Also, unless full-flow capacity, as well as backup, is supplied by gravity
supply systems, the existing auxiliary water pumps must remain operable.

An energy use comparison shows that the gravity supply system is very
inefficient compared to a pumped system. The energy used by the pumping system
described in Alternative 3 for a season of operation would be 7,257.6 MW hours [based
on three 336 kW (3-450 hp) pumps operated for 24 hours a day for 10 months]. The
energy lost by using the 19.8 cms (700 cfs) gravity supply system for a season of
operation would be 32,856.8 MW hours, or about four times as much [based on a head
loss of 29 m (95 ft) and an 80-percent efficient generator]. Energy recovery generators
could be installed in the gravity supply system, but these would also increase the
complexity and expense of the system and reduce the reliability.

A detailed life-cycle cost comparison has not been performed for a
pumped versus gravity supply system. However, a rough life-cycle cost comparison
based on the energy costs associated with the above energy use comparison and the
estimated total contract costs for Alternatives 2 and 3 shows that the higher cost of
Alternative 3 would be recovered in less than 4 years. The electrical cost used in this
comparison was $17.45 per MW hour.

Even though a gravity supply system, as described previously, would
provide a backup water supply, this alternative is not recommended for implementation

.because of the high maintenance and operating costs involved.

c. Alternative 3 (South Shore Supply Conduit Inline Pumping System).

The evaluation of potential pumping schemes includes consideration of the
proximity of juvenile fish to the pump intake location. Costs must be included for
screens and screen cleaning systems, with all the associated operational and
maintenance consequences. These costs and consequences could be minimized or
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avoided if the intake could be located where few juveniles are present. A second
pumping system configuration would provide such a pump intake location.

(1) General Description.

This alternative would separate the existing auxiliary water supply
system into north and south shore auxiliary water supply systems, as proposed in
Alternative 1, but in a different way. Inline pumps would be placed in the south shore
auxiliary water supply conduit near the south end of the powerhouse in place of the
existing regulating tainter gate. A new slide gate would close off the north end of the
south shore supply conduit and new openings would be provided into the south shore
supply conduit from the tailrace (plates 39, 40, and 41). The north shore entrances
would continue to utilize two of the existing hydraulic turbine-driven pumps, with one in
reserve. If the new south shore water supply system failed, the third north shore
hydraulic turbine pump could be activated for emergency supply. The existing
computerized fishway control system would be upgraded so that north and south
auxiliary water supply systems would operate independently. Construction of most
features required for this alternative would require an outage of the existing auxiliary
water supply system for approximately 1 month.

In addition to the improvements listed above, Project Operations would
incorporate in their O&M funding plans provisions to maintain or replace components of
existing features where hydraulic conditions could be improved. Spare parts
inventories for fishway systems’ critical components would be increased to improve
turnaround times and enhance reliability. Appendix H contains a list of O&M backlog
work items. Examples of potential feature improvements are:

. Refurbish entrance gates and operators to reduce leakage.
. Replace floating orifice gate seals.

(2) Inline Pumping System.

(a) New Pumps.

The inline pumping system would consist of up to three large, side

by side, axial flow, horizontal, submersible pumps. The pumps would provide a
combined flow of 19.8 cms (700 cfs). Either submersible electric or hydraulic motors
could drive the pumps. Pump sizes would require medium-voltage electric motors
designed for submersible duty. Hydraulic motors would be designed to utilize special
double-walled hydraulic lines and would use fish-friendly hydraulic fluid. Another
option would utilize deck-mounted electric motors with 90-degree drives and gear
cases. Pump and drive configuration options would be investigated further during
preparation of plans and specifications, but the cost estimate is based upon three
submersible, electric motor-driven, 1 219-mm-diameter (48-in-diameter) pumps.
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Initial installation of the pumps could be done with existing bulkheads in place, while
the north shore system is operational. The pump installation configuration would be
designed for rapid, automated removal from the supply conduit to enable a south shore
emergency water supply from the turbine discharge chamber. This removal method
could also be used for repair and maintenance of the new pumps. Spare parts, as
typically furnished with new equipment, would be provided.

(b) Gates and Bulkheads.

Three automated slide gates and bulkheads would be installed to
enable the existing south shore supply conduit to become an independent channel to
the south fish ladder system. To isolate the conduit from the north shore system, a
large, hydraulically operated slide gate would be placed in the turbine pump discharge
chamber at the entrance to the south shore auxiliary water supply conduit. This slide
gate could be used during emergency operation as a regulating slide gate, as hydraulic
conditions indicate. To provide a water supply source, two 4.28- by 5.18-m (14- by
17-ft) openings would be cut in the downstream side of the south shore supply conduit
directly above the exit from the generator 6 scroll case. These openings would be
provided with trashracks and slots for hydraulically operated bulkheads. Installation of
the main discharge chamber slide gate would require unwatering of the turbine pump
discharge chamber and the south shore supply conduit. Providing new openings in the
supply conduit would require a temporary bulkhead and possibly some underwater
work.

(c) Access.

Crane access to the pump location would be from the tailrace
deck by mobile crane. Slide gates would be opened or closed by hydraulic cylinders
and would not require a crane except for cylinder removal.

(3) Electrical.

Power is available in the powerhouse to feed the proposed pumping
system. A new 5 kV feeder would be installed between a new breaker in the station
service SP gear in the powerhouse and the new pump location. Since this pump
system would be backed up by a spare turbine pump on the north shore, a dual feeder
would not be required. This feeder would be installed in the existing cable tray and in
new rigid steel conduit. Breakers and medium-voltage starters would be located either
inside the powerhouse or outside near the pumps, as determined during design. The
distribution transformer and low-voltage equipment would be installed to provide for
local loads (e.g., lighting, controls, and cabinet heaters).

Remote control and annunciation systems would be incorporated for

the new pumps, gate, and bulkheads. Remote pump position controls would also be
incorporated for emergency pump removal and switchover to the turbine pumps.
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(4) Conclusion.

Alternative 3 is recommended for implementation. It would provide a
separate water supply to the south shore while preserving the existing configuration for
emergency backup. It would utilize existing features with minimal modifications.
Compared to Alternative 1, it would provide an intake location where fewer juveniles
are likely to be present, and thus would be less hazardous to juvenile fish. The
construction cost is slightly lower for this alternative than for Alternative 1. A rough life-
cycle cost comparison between Alternatives 2 and 3 shows that the slightly higher cost
of Alternative 3 would be recovered in less than 4 years.

d. Alternative 4 (Addition of North Shore Pumps).

The Phase | - Technical Report recommended investigating an alternative
that would add two 9.91 cms (350 cfs) pumps on the north shore, while continuing to
feed water to the south shore through the south shore supply conduit. Considering the
new criteria, the alternatives where the north shore and south shore would be divided
into two separate auxiliary water supply systems are more effective alternatives,
avoiding the increased losses created by the increased flows (required by the new
criteria) in the south shore conduit. Therefore, this alternative was not considered
further.

e. Alternative 5 (Enhanced Preventive Maintenance Program).

The existing north shore turbine pumps are all required to run full-time to
attempt to meet the FPP criteria. Therefore, this alternative alone could not provide
emergency auxiliary water supply for the Lower Monumental fishways and is not
considered a viable alternative by itself. '

f.  Alternative 6 (Barge Mounted Pumps Shared with Ice Harbor).

As discussed in the section on Ice Harbor, this alternative was not further
evaluated due to the difficulty and safety issues involved in tying off a barge along the
Ice Harbor fish ladder training wall. There would be similar problems at Lower
Monumental. Since it would not be a workable alternative at Ice Harbor, the
advantages of sharing the barge and its water supply features between projects would
be lost. Therefore, this alternative was not investigated as a viable alternative for
Lower Monumental.
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3.05 SUMMARY, ESTIMATED COSTS, RECOMMENDATIONS, AND DESIGN AND
CONSTRUCTION SCHEDULE.

a. Summary.

Six alternatives were discussed for providing an emergency auxiliary water
supply at Lower Monumental. Three would involve separating the auxiliary water
supply system into a north shore system and a south shore system and providing a new
auxiliary water supply for the south shore fishway. Alternative 1 would provide a
pumping plant on the south shore with screened intake. Alternative 2 would provide a
gravity supply system on the south shore. Alternative 3 would provide an inline
pumping scheme utilizing the existing south shore supply conduit with a water source
near the generator unit 6 outlet. The north shore system would have one spare turbine
pump to provide emergency auxiliary water for both the north shore and south shore
systems. Alternative 4 would involve adding new pumps to the north shore. Alternative
5 would rely on an enhanced preventative maintenance program. Alternative 6 would
use barge mounted pumps shared with Ice Harbor.

b. Estimated Costs.

The estimated construction costs for alternatives 1, 2, and 3 are shown
in table 3-1. The construction costs for aiternatives 4, 5, and 6 were not estimated.
Table 3-1 does not include costs for the recommended O&M funded activities.
Implementation of any of the alternatives would require additional funding for E&D and
S&A. The O&M and spare parts costs would be determined by Project Operations.
The Total Contract Cost Summaries and the Project Indirect Summaries for alternatives
1, 2, and 3 are provided in appendix F. The estimates were prepared using the
MCACES software.

A 30-percent contingency is appropriate to identify the uncertainty
associated with the level of design provided for the construction estimate for the
recommended alternative. The Total Contract Cost Estimate (developed at the
October 1, 1999, price level) is escalated for inflation through the midpoint of
construction based on construction beginning October 2000, and ending
September 2002. Midpoint of construction is the first quarter FY 02. The Contract Cost
Estimate supports the scope and construction schedule of this Phase |l - Technical
Report. Total construction costs, escalated to the midpoint of construction, are
estimated to be $6,267,000 for the recommended alternative. The total fully-funded
costs for the recommended alternative are estimated to be $8,681,000.
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Table 3-1: Estimated Construction Costs

1 - South Shore Pumping System $6,020,728
2 - Gravity Supply System 34,827,600
3 - Inline Pumping System $5,802,928
4 - Addition of North Shore Pumps N/A
5 - Enhanced Preventative Maintenance N/A
6 - Barge Mounted Pumps N/A

c. Recommendation.

Alternative 3 (South Shore Supply Conduit Inline Pumping System) is
recommended for implementation. Operations should inspect all pertinent existing
systems and develop any required maintenance schedules or spare parts inventory
requirements for inclusion in O&M funding plans. This would include plans for
replacement, refurbishment, or rebuilding of existing equipment to return systems to the
- original condition.

d. Desigh and Construction Schedule.

The schedule for design and construction is dependent on obtaining
funding. Considering the current budget cycle, it is anticipated that design funds would
first become available in FY 00. Design and award of a construction contract would be
completed by the end of FY 00. Construction is anticipated to be complete by the end
of FY 02.
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SECTION 4 — ENVIRONMENTAL REQUIREMENTS
4.01. GENERAL.

Construction, installation, and operation of emergency auxiliary water supply
systems for the existing auxiliary water supply systems at ice Harbor and Lower
Monumental will require coordination with appropriate agencies, as well as compliance
with applicable environmental laws and regulations. These requirements include the
National Environmental Policy Act (NEPA), the Endangered Species Act (ESA), the
Fish and Wildlife Coordination Act (FWCA), and various cultural resources and water
quality laws. Coordination and compliance work will begin when the recommended
alternative is defined. Appendix | contains copies of correspondence between NMFS
and the Walla Walla District Corps of Engineers that was written during preparation of
this Phase Il - Technical Report.

a. The NEPA Requirements.

All options outlined within this Phase II - Technical Report are consistent
with a category of activities that carry out authorized project purposes at completed

-U.S. Army Corps of Engineers projects [refer to Engineer Regulation 200-2-2]. These

activities have been determined to be categorically excluded from NEPA
documentation. Appropriate documentation addressing NEPA laws and regulations will
be drafted to warrant a categorical exclusion for the alternatives selected, based on
project authorization for Ice Harbor and Lower Monumental to provide upstream
passage for adult salmon. '

b. The ESA Requirements.

(1) Anadromous Fish Stocks.

Federal agencies are required to consult with NMFS for actions they
intend to implement that may jeopardize the existence of ESA-listed fish stocks. The
Snake River sockeye salmon (listed as endangered on December 20, 1991) and the
Snake River spring/summer Chinook and fall Chinook salmon (upgraded from
threatened to endangered by the proposed listing on December 28, 1994) pass around
Ice Harbor and Lower Monumental during their upstream migration as adults and their
downstream outmigration as juveniles. Because the construction and operation of the
auxiliary water supply systems at Ice Harbor and Lower Monumental have the potential
to affect listed salmon stocks, a formal or informal consultation with NMFS on these
actions will likely be necessary.

(2) Terrestrial Wildlife and Resident Fish.

Federal agencies are also required to consult with the U.S. Fish and
Wildlife Service (USFWS) for actions they intend to implement that may jeopardize the
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existence of ESA-listed freshwater fish stocks and terrestrial species. Although the
endangered peregrine falcon, bald eagle, and bull trout may use the habitat around Ice
Harbor and Lower Monumental, it is anticipated that no impact to these species will
occur. Therefore, consultation with USFWS will not be necessary for the species of
concern, with the possible exception of bull trout.

c. The FWCA Reguirements.

Coordination with USFWS will occur to ensure compliance with FWCA.

d. Clean Water Act Requirements.

Emergency auxiliary water supply alternatives that have any in-water
discharge of fill material will require compliance with sections 404 and 401 of the Clean
Water Act, Public Law 95-217, 1977. Any maodification of water quality standards
and/or in-water permits will be required from the State of Washington.

e. Cultural Resources Requirements.

Coordination for cultural and historic properties must be in compliance with
sections 106 and 110 of the National Historic Preservation Act, Public Law 89-6695,
1996. All activities resulting from the implementation of these options will occur in
previously disturbed areas and to facilities less than 50 years in age. Therefore, it is
unlikely that these actions will result in an adverse affect to cultural resources. A
request will be sent to the Washington State Historic Preservation Officer for a
concurrence of no effect.

4.02. RECOMMENDED ALTERNATIVES.

Formal consultation will be initiated with NMFS to seek their concurrence that
the operation of the adult fishways and auxiliary water supply pump failures, while the
systems are out of service during their overhaul, is unlikely to adversely affect
individuals of listed saimon stocks.

An ESA consultation for the operation of the systems following the period of
modifications will not be required, because they will operate in much the same manner
as described in the FPP for the year of implementation. The NMFS has previously
been consulted, and they have commented on the operation of fish pumps identified in
the FPP in the Supplemental Biological Opinion, Operation of the Federal Snake River
Power System, 1998. Recommended alternatives will be coordinated with Federal,
State, and Tribal fishery agencies through the U.S. Army Corps of Engineers’ Fish
Facilities Design Review Workgroup process resulting in biological effect and benefit
analysis evaluation to be included in the NMFS’ Biological Opinion, Operation of the
Federal Snake River Power System, 2000.
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GLOSSARY FOR MATHEMATICAL TERMS

cfs - cubic feet per second
cm - centimeter

cms - cubic meters per second
fps - feet per second

hp - horsepower

kg - kilograms

km/h -  kilometers per hour

kv - kilovolt (1000 volts)

kVA - kilovoltampere

kW - kilowatt (1000 watts)

L/s - liters per second

m - meters

mm - millimeters

mps - meters per second

msl - mean sea level

MW - megawatt (1,000,000 watts)
O.C. - oncenter

Pa - pascal

\' - volt
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